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I. SUMMARY OF OBJECTIVES, CONCLUSIONS, AND IMPLICATIONS
WITH RESPECT TO OCS OIL AND GAS DEVELOPMENT

The objectives of this study were: 1) a qualitative and quantitative

inventory of benthic species within and adjacent to identified oil-lease

sites in the northeast Gulf of Alaska (NEGOA), 2) a description of spatial

and temporal distribution patterns of selected species in the designated

study area, and 3) observations of biological interrelationships, speci-

fically trophic interactions, between components of the benthic  biota.

Forty-one widely dispersed sites for quantitative grab sampling were

established in NEGOA, and these sites represent a reasonable nucleus

around which a’monitoring  program could be developed.

The general patchiness of fauna initially observed at most sites in

the Gulf of Alaska suggested that three to five replicates be taken per

site. At least five replicates were taken at all sites during the latter

part of the project period. An analysis of grab-sampling efficiency in-

dicated that all but the rarer species were sampled with five replicates.

Additional samples would have reduced the variability of abundance and

biomass estimates, but five replicates represented the maximum number

which could be processed within time and budget limitations.

Five hundred and fifteen invertebrate species were collected. It is

probable that all species with numerical and biomass importance have been

collected in all areas of investigation and that only rare species would

be added by future sampling.

Basic information on diversity of the fauna is available for all

permanent sites on the NEGOA grid. Diversity appears to increase in areas

where the sedimentation rate is reduced and the presence of sand and gravel

substrates increase environmental heterogeneity.

Numerical analysis of the benthic infauna delineated four major site

groups and their species assemblages. One of these site groups, the In-

shore Group, consisted of sites with predominantly silt-clay sediments

located on the continental shelf. Its fauna was dominated by deposit-

feeding species which were also present at all other sites in NEGOA except

sites 29 and 30. The substrate at sites 29 and 30 was rocky (site 29) or

9



sandy (site 30) with very low concentrations of silt and clay. Another

major site group consisted of sites located in Hinchinbrook  Entrance, the

Hinchinbrook Entrance Group. The sediments of these sites consisted of

about 28% sand mixed with silt and clay. The fauna of the Hinchinbrook

Entrance Group was similar to that of the Inshore Group but the total

abundance and biomass of the fauna appeared to be greater in the Hinchin-

brook Entrance Group. Two other major site groups, the Shelf Break Group

and the Tarr Bank Group, were located near the edge of the continental

shelf and on Tarr Bank, respectively; the sediments at these sites con-

tained increasing amounts of sand and gravel mixed with silt and clay.

At the Shelf Break and Tarr Bank sites reduced sedimentation rates and

the presence of gravel allowed the colonization of these sites by suspen-

sion feeding invertebrates and species which require solid substrate.

The result was an increase in the abundance of suspension feeders at these

sites and an increase in species richness and diversity.

An assessment of our data suggests that: 1) sufficient site and/or

area uniqueness exist to permit development of monitoring programs based

on species composition at selected sites, and 2) adequate numbers of

biologically well-known, and abundant species are available to permit

nomination of monitoring candidates once industrial activity is initiated.

II. INTRODUCTION

General Nature and Scope of Study

The operations connected with oil exploration, production, and trans-

portation in the Gulf of Alaska present a wide spectrum of potential

dangers to the marine environment (see Olson and Burgess, 1967; IMCO,

1973; Nelson-Smith, 1973; Boesch et az, 1974; for general discussions of

marine pollution problems). Adverse effects on the marine environment of

these areas cannot be quantitatively assessed , or even predicted, unless

background data are recorded prior to industrial development.

Benthic organisms (primarily the infauna but also sessile and slow-

moving epifauna) are particularly useful as indicator species for a

disturbed area because they tend to remain in place, typically react to

10



long-range environmental changes, and by their presence, generally reflect

the nature of the substratum. Consequently, the organisms of the infaunal

benthos have frequently been chosen to monitor long-term pollution effects,

and are believed to reflect the biological health of a marine area (see

Pearson, 1971, 1972, 1975; and Rosenberg, 1973, for discussion on long-

term usage of benthic organisms for monitoring pollution).

The presence of large numbers of benthic epifaunal species of actual

or potential commercial importance (crabs, shrimps, snails> fin fishes) in

the Gulf of Alaska further dictates the necessity of understanding benthic

communities since many of these species feed on infaunal and small epi-

faunal residents of the benthos (see Zenkevitch, 1963, for a discussion

of the interaction of commercial species and the benthos; also see appro-

priate discussions in Feder, 1977; Feder et al., 1978; Feder and Jewett,

1978) . Any drastic changes in density of the food benthos could affect

the health and numbers of these commercially important species.

Insufficient long-term information about an environment, and the

basic biology and recruitment of species in that environment, can lead

to erroneous interpretations of changes in types and density of species

that might occur if the area becomes altered (see Nelson-Smith, 1973;

Pearson, 1971, 1972, 1975; Rosenberg, 1973, for general discussions on

benthic biological investigations in industrialized marine areas). Pop-

ulations of marine species fluctuate over a time span of a few to 30

years (Lewis, 1970 and personal communication). Such fluctuations are

typically unexplainable because of absence of long-term data on physical

and chemical environmental parameters in association with biological in-

formation on the species involved (Lewis, 1970 and personal communica-

tion).

Experience in pollution-prone areas of England (Smith, 1968), Scotland

(Pearson, 1972, 1975), and California (Straughan, 1971) suggests that at

the completion of an initial study, selected stations should be examined

regularly on a long-term basis to determine changes in species content,

diversity, abundance and biomass. Such long-term data acquisition should

make it possible to differentiate between normal ecosystem variation and

11



pollutant-induced biological alteration. Intensive investigations of the

benthos of the Gulf of Alaska are essential to understand the trophic

interactions involved in this area and the changes that might take place

once oil-related activities are initiated.

The benthic biological program in the northeast Gulf of Alaska

(NEGOA), initiated in 1974, emphasized development of an inventory of

species as part of the examination of biological, physical and chemical

components of those portions of the shelf slated for oil exploration and

drilling activity. In addition, initiation of a program designed to

quantitatively assess assemblages (communities) of benthic species on

the NEGOA shelf expanded our understanding of distribution patterns of

species in NEGOA. Outer Continental Shelf Environmental Assessment Pro-

gram (OCSEAP) investigations concerned with the biology (primarily con-

cerned with feeding activity) of selected epifaunal species on the Kodiak

shelf and lower Cook Inlet will further the understanding of the trophic

dynamics of the Gulf of Alaska benthic system (Feder and Jewett, 1977;

Feder et az., 1978).

Relevance to Problems of Petroleum Development

Studies of the effects of oil pollution or other impacts caused by

petroleum development fall into several categories. One approach is to

monitor the response of selected organisms to varying levels of potential

pollutants under laboratory and field conditions. While the laboratory

approach is perhaps the most sensitive technique, results cannot be con-

fidently extrapolated to responses that might occur under natural condi-

t ions. Furthermore, laboratory experiments are necessarily restricted to

a limited subset of species, and it is virtually impossible to extrapolate

results to total community response.

Field experiments involving addition of oil to experimental plots

and comparing the response of the fauna to that of control plots, offer

a solution to many problems inherent in laboratory bioassay procedures.

Unfortunately, this technique cannot be practically applied to benthic

environments below the reach of SCUBA divers.

12



Another approach to assessment of impact of oil on the marine environ-

ment is collection of sufficient background data on the physical environ-

ment and biota of an area so that the effects of industrial activity can

be identified. However, as indicated above, it is generally not possible

to obtain sufficient long-term information about the structure and function

of an ecosystem to make accurate interpretations of changes in types and

density of species which might occur if an area is altered (Nelson-Smith,

1973; Pearson, 1971, 1972; Rosenberg, 1973).

In the present study, we were unable to gather data over a sufficient

time period (139 stationsl were occupied at 41 sites [locations] over a 20

month period, Table I) to accurately predict long-term fluctuations in

infaunal community composition. However, through the use of cluster and

principal coordinate analysis routines we have been”able to identify

groups of sites with similar species compositions (Feder et al., 1976).

These site groups appear to be correlated with sediment type and deposi-

tion rate of glacially-derived particulate matter. The results of numer-

ical analyses indicate that given a knowledge of the sediment type and the

sedimentation rate, one could fairly accurately predict a posterior what

the community structure and composition of the infauna would have been

like during this study (see also Boesch, 1973). Although possible long-

term temporal fluctuations in infauna populations could make predictions

of comnunity composition in the future difficult, community structure

would not be expected to undergo radical changes unless some major envi-

ronmental alteration occurred.

As indicated previously, infaunal benthic organisms tend to remain in

place and consequently have been useful as indicator species for disturbed

areas, Thus, close examination of sites with substantial complements of

infaunal  species is warranted (see Feder and Mueller., 1975, and National

Oceanographic Data Center [NODC] data on file for examples of such sites).

Changes in the environment at sites with relatively large numbers of spe-

cies might be reflected by a decrease in diversity with increased dominance

1 For the purposes of this study a station was occupied every time a site
[location] was sampled.



SITES SAMPLED BY VAN VEEN GRAB IN
EACH ENTRY UNDER

TABLE I

NORTHEAST GULF OF AIASKA (NEGOA),  JULY 1974 To MARCH 1976. THE mn AT
CRUISE NUMBER REFERS TO THE NUNBER  OF REPLICATE SANPLES.

Jul. 74 Oct. 74 Nov. 74 Feb. 75 May 75 Sept. 76 Nov. 76 March 76
Latitude Longitude Approx.

Site (N)
Cruise  Number

(w Depth (m) 193 200 202 805 807 811 816 001

1
2
3
4
5
6
7

25
26
27
28
29
30
31
32
33
37
39
40
41
42
43
44
48
49
50
51
52
53
54
55
56
57
58
59
60
61
62
63
68
69

59°50.2’
59°41.5’
59°33.0’
59°24.5’
59”16.0’
59°07.2’
58°58.7’
59”02.5’
59°10.8’
59°18.6’
59°26.5’
59”34.6’
59°44.1’
59°35.2’
59°26.3’
59°17.5’
59”16.2’
59°35.7’
59”45.5’
59°55.1’
59°55.1’
59”45.0’
59’’35.0’
59”27.5’
59°37.5’
59”47.7’
59°57.6’
60°07.6’
60°23.01
60”13.9’
60°04.5’
59”55.2’
59°45.6’
59°36.2’
59°17.1’
60”01.5’
59°34.2’
59°33.2’
59°49.5’
59”38.2’
59°20.0’

149°30.5’
149°22.0’
149”13.2?
149°04.9’
148”56.0’
148”47.5’
148”38.7’
140”49.8’
140°38.9’
140”27.9’
140°16.9’
140°06.0’
141°27.9’
141Q36. 8’
141°45.0’
141°54.8’
142°59.2’
142”49.5’
142”44.5’
142°39.5’
143°51.2’
143°52.8’
143”54.2’
145°11.5’
145”10.0’
145”09.0’
145’07.8’
145°06.5’
146°54.0’
146”48.6’
146°42.6’
146”36.8’
146°31.0’
146”25.5’
146°14.0’
145°51.2’
145°46.9’
142”16.0’
142°03.8’
147”36.5’
147”32.0’

263
219
220
200
X74
151
220
179
148
129
239
68
43

117
179
219

2,620
549
195
119
93

117
181
117
186
164
135
53

279
204
117
64
69
97

334
90

170
240
80

120
120

3

3

3

3

;b

3

3
3

3
3

2

3

3

3

3
3

3

3

;b
4
;b

$
4
4
3
;b

4

4

2
3
4
4
3
4

5
5
5

10
5
5
5Sa
5
5
5
‘b10
5
5
5
‘a3
5
5

10
;b
Sb
5
5
5
5
5
2a

5a

5
5
5
4a

‘a5
10
5a

5

5
10

5
10

5
5a

5a

Sa
Sa
5a

5a

5
5
5
5
5
5
4
5
5
5
5b
$
5
5
5

5
3
5
5
5
5
5
5
5
5
5
5
5
5

1:
3
2
5
2
5
5
5
4

a = sample collected but not analyzed
b = qualitative sample only



of a few species (see Nelson–Smith, 1973 for further discussion of oil-

related changes in diversity). Likewise, stations with substantial

numbers of epifaunal species should be assessed on a continuing basis

(see Feder and Mueller, 1975; Feder, 1977; for references to relevant

stations). The potential effects of loss of species to the trophic

structure in NEGOA cannot be assessed at this time; little data on food

interactions are available for NEGOA (see Feder and Jewett, 1978). How-

ever the problem can be addressed by examination of benthic food studies

resulting from OCSEAP projects in lower Cook Inlet and Kodiak (Feder,

unpublished data from Cook Inlet; Jewett and Feder, 1976; Feder? 1977;

Feder and Jewett, 1977; Feder et a2., 1978; Smith et az., 1978).

A direct relationship between trophic  structure (feeding type) and

bottom stability has been demonstrated by Rhoads (see Rhoads, 1974 for

review). A diesel fuel spill resulted in oil becoming adsorbed on sedi-

ment particles with resultant mortality of many deposit feeders on sub-

littoral muds. Bottom stability was altered with the death of these

organisms, and a new complex of species became established in the altered

substratum. The most common members of the infauna of the Gulf of Alaska

and the Bering Sea are deposit feeders; thus, oil-related mortality of

these species could result in a changed near-bottom sedimentary regime

with subsequent alteration of species composition.

Lack of an adequate data base still makes it difficult to suggest

the effect of oil-related activity on the subtidal benthos of NEGOA.

However, the expansion of research activities in NEGOA has enabled us to

point to certain species or areas that might bear closer scrutiny once

industrial activity is initiated.

III. CURRENT STATE OF KNOWLEDGE

Gulf of Alaska

Little was known about the biology of the invertebrate benthos of

the Gulf of Alaska at the time that Outer Continental Shelf Environmental

Assessment Program (OCSEAP) studies were initiated there, although a

compilation of some relevant data on the Gulf of Alaska was available
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(Rosenberg, 1973). A short but intensive survey in the summer of 1975

added some benthic biological data for a specific area south of the

Bering Glacier (Bakus and Chamberlain, 1975). Results of the latter

study are similar to those reported by Feder and Mueller (1975) in their

OCSEAP investigation.

Some scattered data

cial Fisheries (National

based on trawl surveys by

Marine Fisheries Service)

the Bureau of Commer-

were available, but

much of the information on the invertebrate fauna was so general that it

was of limited value. In the summer and fall of 1961 and spring of 1962

otter trawls were used to survey the shellfishes and bottomfishes on the

continental shelf and upper continental slope in the Gulf of Alaska (Hitz

and Rathjen, 1965). The surveys were part of a long-range program begun

in 1950 to determine the size of bottomfish  stocks in the northeast

Pacific Ocean between southern Oregon and northwest Alaska. Invertebrates

taken in the trawls were of secondary interest, and only major groups

and/or species were recorded. Invertebrates that comprised 27 percent of

the total catch were grouped into eight categories; heart urchins (Echi-

noidea), snow crabs (Clzionoeeetes  bahdi), sea stars (Asteroidea),

Dungeness crabs (Cancer magister), scallops (Pee%en eazo%nus), shrimps

(Pandalus borealis, P. platyee~os, and Pandalopsis d<spar), king crabs

(ParaZitfiodes  eanr&selzatZca),  and miscellaneous invertebrates (Hitz and

Rathjen,  1965). Heart urchins accounted for about 50 percent of the

invertebrate catch and snow crabs ranked second, representing about 22

percent. Approximately 20 percent of the total invertebrate catch was

composed of sea stars.

Data on the infauna collected in the first year (1974-1975) of the

OCSEAP study in the northeast Gulf of Alaska (NEGOA) served as a spring-

board and an intensive data base for the studies in 1975-1977 (Feder and

Mueller, 1975). The use of cluster and multivariate techniques for the

analysis of infaunal data, which was applied to our data from the Gulf

of Alaska and the Bering Sea (Feder et CZZ., 1976; Haflinger, 1978; pre-

sent report), has been widely used by numerous investigators examining

shallow-water marine environments. Techniques are reviewed in Clifford

and Stephenson (1975).
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Based on OCSEAP feeding studies initiated in NEGOA, lower Cook Inlet,

and two bays on Kodiak Island (Feder, 1977; Feder et az., 1978; Feder and

Jewett,  1977), it is apparent that benthic infaunal invertebrates play a

major role in the food dynamics of commercial crab and demersal fishes on

the Kodiak shelf.

Data indicating the effects of oil on most subtidal

brates are fragmentary (see Boesch et az., 1974; Malins,

benthic inverte-

1977, for review;

Baker, 1976, for a general review of marine ecology and oil pollution),

but echinoderms are ‘notoriously sensitive to any reduction in water

quality” (Nelson-Smith, 1973). Echinoderms (ophiuroids, asteroids, and

holothuroids) are conspicuous members of the benthos of the Gulf of Alaska

and the Bering Sea (see Feder, 1977, for references to relevant stations

in NEGOA and Bering Sea), and could be affected by oil activities there.

Asteroids (sea stars) and ophiuroids (brittle stars) are components of

the diet of large crabs (for example king crabs feed on sea stars and

brittle stars: unpub. data, Guy Powell, Alaska Dept. of Fish and Game;

Feder, 1977) and demersal fishes. Snow crabs (C’kbnoeeetes  spp.) are

conspicuous members of the shallow shelf of the Gulf of Alaska and the

Bering Sea, and support commercial fisheries of considerable importance.

Laboratory experiments with this species have shown that postmolt indi-

viduals lose most of their legs after exposure to Prudhoe Bay crude oil;

obviously this aspect of the biology of the snow crab must be considered

in the continuing assessment of this species (Karinen and Rice, 1974).

Little other direct data based on laboratory experiments are available

for subtidal benthic species (see Nelson-Smith, 1973). Experiments tion

on toxic effects of oil on other common members of the subtidal benthos

should be strongly encouraged for future on OCSEAP programs.

Iv. STUDY AREA

Thirty-four sites (Feder and Mueller, 1975) for sampling the infauna

were selected from a grid established in conjunction with studies on the

physical and chemical oceanography, hydrocarbon and heavy metal concen-

trations, and marine microbiota in the northeast Gulf of Alaska (NEGOA)

(Fig. 1). The sites were dispersed over seven transects from Resurrection
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Bay to Yakutat Bay, and extended from inshore to the vicinity of the

shelf break (approximately 200 m). Seven additional sites were sampled

on at least one occasion (Fig. 1).

Temperature and salinity data for NEGOA from July 1974 to June 1975

are available in Royer (1976). The temperature of the bottom water

during this period ranged from 4.5 to 5.5”C, except at some of the shal-

lower stations (Sta. 29, 68 m; 30, 43 m; 52, 53 m; 55, 117 m; 56, 54 m;

57, 67 m; 58, 97 m) where temperatures of 7.0° to 10.O”C were recorded

in July and October 1974. Salinity of the bottom water ranged from 31.5

to 33.5°/00.

Sediments in the study area were predominantly silts and clays.

The principal sediment sources are the Copper River and the Bering and

Malaspina Glaciers. The general transport of sediments, as they enter

the Gulf of Alaska, is to the west. High sedimentation rates throughout

most of the shelf area result in poorly consolidated sediments with a

high water content. However, few sediments accumulate on Tarr Bank

(Fig. 1, Stations 56 and 57), probably because of scouring by strong

bottom currents and frequent winter storm waves (Molnia and Carlson,

1977).

v. SOURCES, METHODS AND R4TIONALE OF DATA COLLECTION

Field and Laboratory

At the outset of the study, thirty-four sites were established for

seasonal sampling of the benthic infauna. Seven additional sites (Fig.

1, Table I) were occupied at least once to provide increased coverage.

During the first year of the study three to four replicates were taken

at each site. Subsequently five replicates were routinely taken. Sam-

ples were collected with a 0.1 m2 van Veen grab weighted with 70 lbs of

lead to facilitate penetration. Material from each grab was washed on

a 1.0 mm stainless steel screen, and preserved in a 10% formalin sea-

water solution buffered with hexamine. In the laboratory, all samples

were rinsed to remove the last traces of sediment, spread on a tray and

rough sorted by hand. Material was then transferred to fresh preservative

19



and identifications made. All organisms were counted, and wet weighed

after excess moisture was removed with an absorbent towel.

Numerical Analysis

Site groups and species assemblages were identified using cluster

analysis. Cluster analysis can be divided into three basic steps.

1. Calculation of a measure of

entities to be classified

2. Sorting through a matrix of

the entities in a hierarchy

similarity or dissimilarity between

similarity coefficients to arrange

or dendrogram.

3. Recognition of classes within the hierarchy.

Data reduction prior to calculation of similarity coefficients

consisted of elimination of taxa that could not be identified to genus

and taxa that occurred at a single station in low numbers.

Two coefficients were used to calculate similarity matrices for

cluster analysis routines: the S&enson coefficient, based on the pre-

sence or absence of attributes, and the Czekanowski coefficient,l a

quantitative modification of the Stirenson  coefficient.

Stirenson

= 2C
CS1,2 A+B where A =

B =
c =

total number of attributes of entity one
total number of attributes of entity two
total attributes shared by entities one
and two

Czekanowski

CS1,2 = ~ where A = the sum of the measures of attributes of
entity one

B = the sum of the measures of attributes of
entity two

w = the sum of the lesser measures of attributes
shared by entities one and two.

1 The Czekanowski coefficient is synonymous with the Motyka (Mueller-
Dombois and Ellenberg, 1974), and Bray-Curtis (Clifford and Stephenson,
1975) coefficients.
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The Czekanowski coefficient has been used effectively in marine

benthic studies by Field and MacFarlane (1968), Field (1969, 1970 and

1971), Day et az. (1971), Stephenson and Williams (1971), and Stephen-

sonefia2. (1972). This coefficient emphasizes the effect of dominant

species on the classification, and is often used with some form of trans-

formation. The Czekanowski coefficient was used to calculate similarity

matrices for normal cluster analysis (with sites as the entities to be

classified and species as their attributes) and inverse cluster analysis

(with species as entities and sites as attributes) using both untrans-

formed and natural logarithm transformed abundance data (individuals/m2).

The natural logarithm transformation, Y = Zn(X+l),  reduces the influence

that dominant species have on the similarity determination.

If only one sample was obtained or the volume of sediment collected

was less than five liters per grab at any site, the site was not included

in classifications using abundance data. For the purposes of this study,

data obtained for these sites were considered to be qualitative. A simi-

larity matrix was constructed for qualitative data using the Sdrenson

coefficient in order to examine the relationship of these sites to all

other sites. Dendrograms were constructed from the similarity matrices

using a group-average agglomerative hierarchical cluster analysis (Lance

and Williams, 1966).

As an aid in the interpretation of dendrograms formed by cluster

analyses, two-way coincidence tables comparing site groups formed by

normal analysis and species groups formed by inverse analysis were con-

structed (Stephenson et al., 1972). In each table the original species

x sites data matrix was rearranged (based on the results of both normal

and inverse analysis) so that the sites or species with the highest

similarities were adjacent to each other. The two-way coincidence

table was then divided into cells whose elements are the abundance of

each of the species in a species group collected at each of the sites in

a site group. The two-way coincidence tables were then reduced to create

a table of average cell densities by summing all the elements in each

cell and dividing the resulting sums by the number of species in the ap-

propriate species group and the number of sites in the appropriate site
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group. Two-way tables of fidelity and constancy were also constructed

(Stephenson e~aZ., 1972). Fidelity is the percentage of the total number

of individuals of all species in a species group found in each site group,

and is a reflection of the distribution of abundance of species in a spe-

cies group among site groups. If all the individuals in a species group

were found in only one site group, the fidelity of the species group in

that site group would be 100%. Constancy, the percentage of the elements

in each cell which had non-zero values, is a measure of the ubiquity of

the species group members in each site group. If all the elements in a

cell contain non-zero values (i.e. there is at least one individual of

all species in the species group in each site of the site group) constancy

would equal 100%.

Principal coordinate analysis (Gower,

in interpreting the results of the cluster

1967, 1969) was used as an aid

analyses (Stephenson and

Williams, 1971; Boesch, 1973) and identifying misclassifications of sites

by cluster analysis. Misclassifications in an agglomerative cluster anal-

ysis can occur by the early fusion of two sites and their subsequent in-

corporation into a group whose sites have a high similarity to only one

member of the original pair (Boesch, 1973). In principal coordinate anal-

ysis an intersite similarity matrix is generated as in normal cluster

analysis. The similarity matrix generated can be conceived of as a

multi-dimensional space in which the sites are arranged in such a way that

they are separated from one another according to their similarities. An

ordination is then performed on the matrix to extract axes from this multi-

dimensional space. The first axis extracted coincides with the longest

axis, and accounts for the largest amount of variation in the similarity

matrix. Subsequent axes account for successively smaller amounts of

variation in the data. Both the Czekanowski  and the Canberra “metric”

similarity coefficients were used to calculate the similarity matrices

used in principal coordinate analysis. The Canberra “metric” coefficient

defines the similarity of two entities as:

lx~i - ‘Zii where xl=G
CS1,2 = 1 -;

=
(x~i + ‘2i)

.
i

‘2i =

the measure of the ith

attribute in entity one
the measure of the ith

attribute in entity two
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Because the Canberra “metric” coefficient is a series of fractions, it

gives a more equal weighting to all species and reduces the effect of

the dominant species on the analysis. It was used as a means of com-

parison with the results of analyses using the Czekanowski coefficient

which emphasizes dominant species.

Diversity

Species diversity can be thought of as a measurable attribute of a

collection or a natural assemblage of species, and consists of two com-

ponents: the number of species or “species richness” and the relative

abundance of each species or “evenness”. The two most widely used mea-

sures of diversity which include species richness and evenness are the

Brillouin (1962) and Shannon (Shannon and Weaver, 1963) information

measures of diversity (Nybakken,  1978). There is still disagreement on

the applicability of these indices, and results are often difficult to

interpret (Sager and Hasler, 1969; Hurlbert, 1971; Fager, 1972; Peet,

1974; Pielou, 1966a,b). Pielou (1966a,b,  1977) has outlined some of the

conditions under which these indices are appropriate.

The Shannon Function
n.

H’ = -Z pi log p. wherep. =~1 1
i

where n = number of individuals ini the ith species
N = total number of individuals

assumes that a random sample has been taken from an infinitely large

population whereas the Brillouin  function

H=~log
N!
‘...nn,!n~. ..!

J-L b

is appropriate only if the entire

we wish to estimate the diversity

Shannon function is appropriate.

sure of the diversity of the five

population has been sampled. Thus, if

of the fauna at a sampling site the

The Brillouin function is merely a mea-

grab samples taken at each site, and

makes no predictions about the diversity of the benthic community that

the samples were drawn from. The evenness of samples taken at each site
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can be calculated using the Brillouin measure of evenness, J = H/Hmaximum’
where H = Brillouin diversity function. Hmaximum,  the maximum possible

diversity for a given number of species, occurs if all species are equally

common and is calculated as:

H =+ log
N:

maximum {[N/s]!}s-r {([ N/sl+l) ! }r

where [N/s] = the integer part of N/s
s = number of species in the censused

community
r =N- s[N/s]

Theoretically the evenness component of the Shannon function can be cal-

culated from the following:

J? =
H’

log s*
where H’ =

S* =
Shannon diversity function
the total number of species in the
randomly sampled community

However, s*, the total number of species in a randomly sampled community,

is seldom known for benthic infaunal  communities. Therefore, the even-

ness component of the Shannon diversity index was not calculated (for a

discussion see Pielou, 1977). Both the Shannon and Brillouin  diversity

indices were calculated in the present study, and they were closely

correlated (r = 0.97; Fig. 2), indicating that either index would be

acceptable as both Loya (1972) and Nybakken (1978) have suggested.

Species richness (Margalef,  1958) was calculated as

(s-1)SR=—Zn N
where S = the number of species

N = the total number of individuals

The Simpson index (Simpson, 1949) was also calculated to enable com-

parison of the dominance structure in NEGOA with data collected in Port

Valdez, Alaska (Feder et az., 1973).

Trophic Structure

The trophic structure of each of the site groups formed by cluster

analysis was determined by classifying the 50 most abundant species in

each site group into 5 feeding classes: suspension feeders (SF), deposit
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feeders (DF), predators (P), scavengers (S) and other (0). All species

utilized for the determination of trophic  structure were assigned to

feeding classes (Table 11) based on the literature (MacGinitie and

MacGinitie, 1949; Morton, 1958; Fretter and Graham, 1962; J~rgensen,

1966; Day, 1967; Hyman, 1967; Mills, 1967; Purchon, 1968; Stanley, 1970;

Eltringham,  1971; Feder e?fi az., 1973; Feder and Mueller, 1975; Abbott,

1974; Barnes, 1974; Trueman, 1975; Yonge and Thompson, 1976; Jumars and

Fauchald, 1977) and personal observation. Since species are distributed

along a continuum of feeding types and many organisms utilize several

feeding modes, it is often difficult to place a species in a specific

class. For example, protobranch molluscs, generally regarded as deposit

feeders, may also utilize particles in suspension (Stasek, 1965; Stanley,

1970) . However, since these molluscs probably obtain most of their nu-

tritional requirements from the sediment, we classified them as deposit

feeders. It is even more difficult to make a distinction between scav-

engers and deposit feeders, as for example, some of the larger polychaetes

and amphipods that can ingest larger food particles as well as small

detrital fragments. If these organisms were motile, and able to operate

efficiently as scavengers, as well as incorporate sediment in their diet,

they were classified as both scavengers and deposit feeders. Species

whose feeding behavior was unknown, or uncertain, were classified as

“other”. The percentage of individuals belonging to each feeding classi-

fication was calculated for each site group. Where a species was

assigned to two feeding classes we arbitrarily assigned one half of the

individuals of that species to each class. Species were also classified

into three classes of motility (Table II): sessile, discretely motile

(generally sessile but capable of movement to escape unfavorable environ-

mental conditions, after Jumars and Fauchald, 1977), and motile. The

percentage of individuals belonging to each motility class was also cal-

culated for each site group.

VI. RESULTS

Samples of the benthic infauna in the northeast Gulf of Alaska (NEGOA)

area were obtained during eight cruises:

text continued on page 27.
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TABLE II

FEEDING AND MOTILITY CLASSES OF BENTHIC  INVERTEBWTES, FROM THE
NORTHEAST GULF OF ALASKA, UTILIZED FOR THE DETERMINATION

OF TROPHIC  STRUCTURE

SF=suspension feeder; P=predator; S=scavenger; O=other; DF=deposit feeder;
U=unknown, M=motile; DM=discretely motilel; SE=sedentary

ID. Feeding Motility ID. Feeding Motility
N o . Species Class Class No. Species Class Class

1

2

3
4
5

6

7

8
9

10

11

12

13
14

15

16

17

18
19
20

21
22

23

HYDROZOA
ANTHOZOA

Piilosarcus
gmeyi

Peaeh.ia sp.
Viqz&zriidae
Zoantharia

RHYNCHOCOELA
Amph.iporidi2e

POLYCHAETA
Arcteobea

spinelytris
Eunoe depressa
Gattyana

eimos a
Gattyana

brunnea
Gattyana

ei Ziata
Gattyana

treachelli
Hamothoe sp.
Harmothoe

imbrieata
Hermadion

truncata
Lepidonotus

squamatus
Hesperonoe

eomplanata
Polyeunoe tuta
PoZynoe sp.
Peisidiee

aspe~a
Pholoe minutia
Sthenealais

fusca
Anaitides

SF

SF
SF
SF
SF

P

s
s

s

s

s

s
s

s

s

s

s
s
s

s
s

s

s 24 Anai-Lides
mucosa P/L)F

Eteone Zonga P
(?ph.iodromus

pugettensis DF/S
Au-LoZytus

magn.us P
S’yllis

spongiphila  P

Sy his
selerolema P

Typosyllis sp. P
Typosyllis

alternata P
Typoszjllis
millaris P

EusyZZis
blomstrandi P

Exogone sp. P
Exogone

verugera P
Langerhansia

eornutia P
HapZosyZZis

spongieola P
Chei_lonereis

Cyezurus DF
Ceratonereis
paueidenta~a  DFIP/S

Hereis sp. DF/P/
S/SF

Nereis
pelagiea DF/P/S

Nereis
proee~a DF/P/S

Nereis zonatia SF
flephtys sp. DF/P

M
M

M

M

M

M
M

M

M

M
M

M

M

M

M

M
M/DM

M

M
DM
M

M
M

25
26s

s
s
s

27

28
M

29

M
M

30
31

M 32

M 33

34
35

M
M 36

M 37

M 38

M 39

M
M
M

40

41

42M
M

43
44M
45

M
46

Nephtys
ei Ziata DF/Pmaeulata P/DF

Alephtys eaeca DF/P
10rganisms which are generally sessile but are capable of movement to escape
unfavorable environmental conditions (Jumars and Fauchald, 1977).
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TABLE II

CONTINUED

ID. Feeding Motility ID. Feeding Motility
No. Species Class Class No. Species Class Class

47

48

49

50

51

52

53
54

55

56

57
58

59

60

61
62
63

64

65

66

67

68
69

Nephtys
eornuta

Nephtys
punctatia

Nephtys
longosetosa

Nephtgs
ferruginea

Aglaophamus
rube Z la
anops

G@ee~a
eapitata

Glycikde pieta
G@einde

czrmige?a
Gon<ada

annuZata
Goniada

inaculata
Onuph.is sp.
Onuphis

eonehylega
Onuphis

geophili-
formis

Onuphis
ir<descens

Onuph@ paxva
Eunice vaZens
Eunice

kobiensis
Lumbm%.e?is

Sp .
Lumbrineris

bicirrata
Lumb~ine~is

similabris
Lumbrine~is

zonata
Ninoe gemea
.Drilonereis

Sp .

DF/P

DF/P

DF/P

DF/P

DF/P

DF/P
DF/P

DF/P

DF/P

DF/P
DF

DF

DF

DF
DF
DF

DF

DF/P

DF/P

DF/P

DF/P
DF

DF

M

M

M

M

M

M
M

M

M

M
M/S/DM

M

s /DM

S/DM
s /DM
M

M

M

M

M

M
M

M

70

71

72

73
74

75

76

77

78

79

80

81

82

83

84

85

86

87

88

89

90

28

Drilonereis
f;Z&m DF

DriZonereis
faleata
?W%.or DF

HapZoseolo-
pzos
eZongaz%s DF

Aricidea sp. DF
Arieidea

sueeiea DF
A~ieidea

jeff?eysi DF
Paraonis

gracizis DF
Apistobran-

eh.us sp. DF
PoZydora

soeialis DF
Laoniee
cimata DF

Prionospio
malmgreni  DF

Spio
filieomis DF

Spiopbnes
bombyx DF

Spiophanes
kroye~i DF

Spiophanes
ci?rata DF

Nagelona
~aponiea D??

Mage Zona
paeifica DF

Spioehaetop-
terus sp. SF

Spioehaetop-
terus
eostarum SF

Cau2ZerieZZa
Sp . DF

l’ha~yx sp. DF

M

M

M
M

M

M

M

DM

DM

DM

DM

DM

DM

DM

DM

DM

DM

s

s

DM
S/DM
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ID. Feeding Motility Ill . Feeding Motility
No. Species Class Class No. Species Class Class

91

92
93

94

95

96

97
98

99

100

101
102
103
104

105

106

107

108
109

110

111

112

113

114

Chaetozone
setosa D??

Brada villosa DF
Ph.erusa

(Stylatioi-
des) papillatiaDF

Phem.4sa (Styla-
rioides)
p lwnosa DF

SeaZibregma
inflatwn DF

Ammotmjpane
aulogaster  D F

l%avisia  pupa DF
Sternaspis

seutata I)F
Capitella

capitata DF
Heteromastus

filiformis D F
Asychis similis DF
Maklane sp. DF
MaWzne sarsi DF
Ma ldane

glebiflex  D F

Maldanella
rebus ta DF

Nieomache
Zumbriealis DF

Nieomache
personata DF

flotop?oetus sp. DF
Iotoproctus

pacifieus D F
AxiotheZZa

rubrocincta  DF
Praxillella

gracilis DF
tiaxillella

affinis DF
Rhodine

bitorquata  D F

tienia
fusiformis SF/DF

DM
DM

115

116

117
DM

118

DM 119
120

M
121

M
M

M

M

M
s
s
s

122

123

124

125

126

127
s

s 128
129

s
130

s
s

s

131

132
133

s
134

s

s

s

DM

135
136

MyPioehele
heepi DF

IdanthyPsus
azmatus SF

Amph{etene
auPieoma DF

Cistenides
brevieoma  DF

Amage anops DF
AmphaPete

Sp ● DF
Ampharete

a.reties Dl?
Amph.arete

aeutifpons  DF
Amphieteis

Sp . DF
Amph<eteis

mueronata DF
Lysippe
kbiata D F

Me i?inna
etistata DF

Me lima
e lisa-
bethae DF

Pista sp. DF
Pista

cr’btata DF
Pista

faseiata DF
APtaeama

eonifera W
>oe~ea emmi DF
TePebeZZides

s t?oemi DF
TriehobPan-

ehus
g~aeia~is DF

Chone sp. SF
Chone gPaei-

Zis SF

s

s

M

M
s

s

s

s

s

s

s

s

s
s

s

s

DM
s

s

s
DM

DM
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No. Species Class Class No. Species Class Class

137

138
139

140

141

142

143

144

145
146

147

148

149
150

151

152

153

154

155

156

Chow infii.n-
dibuliformis  SF

Euehone a~lis SF
Megalomma

splendida Sl?
PotamiZZa

neglects Sl?
Pseudopot&Z  la

reniformis
Chi$inopoma

groenZand-
ica

Crueigera
iPPeguW-
is

Serpula
vermicukr-
is

Spiro~bis sp.
Aph.rodita
puma

APLACOPHORA
Chaetodezma

robustia
POLYPLACOPHORA
Ischnoehiton

albus
MopaZia sp.
Haneleya sp.

PELECYPODA
Nueula

tenuis
Malletia

euneata
Nucwlanu
fossa

fluculanu
minuta

Portlandia
areiica

YoZdia sp.

SF

SF

SF

SF
SF

DF

DF/P

s
s/P
s

Dl?

DF

DF

DF

DF
DF

DM
DM

s

s

s

s

157

158

159

160

161

162
163

164
s

165

s
s

M

M

M
M
M

M

M

M

M

M
M

166

167
168

169

170

171

172

173
174

175

176

177

178

Yo ld$a
anzggdiz  lea

Yoldia
seeunda

Myti Zus
edu Z;S

CreneZZa
deeussata

Megaerenella
columbiana

Daerydium sp.
Daergdium

vitreum
PPopeamuss;um

alaskense
Deleetopec-

ten ran-
do Zphi

Lima hype~-
bo.rea

Astote sp.
Astarte

borealis
Astarte

alaskensis
Astarte

montegui
Astazv5e

po k%%
Astarte

esau<maulti

DF

DF

SF

SF

SF
SF

SF

SF

SF

SF
SF

SF

SF

SF

SF

SF
CyeZ&rd<a sp. SF
Cyeloeaxdia
Ventz%osa S F

Cyclocaxdia
erebr{cos-
tata SF

Axinopsida
semicatu SF/DF

Axinops$&z
v$ridis SF/DF

!l’@asiru
flexuosa SF/DF

M

M

s

s

s
s

s

s

s

s
DM

DM

DM

DM

DM

DM
s

s

s

s

s

s
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179
180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

197

198

Mysella sp.
Odontogena

borealis
Clinoeardiwn

Sp .
CZinocard-

ium
ci Liatum

Clinocard-

jZanw7
Psephidia

Zordi
Spisula

polynyma
Maeoma

ca lcarea
Maeoma

brota
Maeoma

moesta
alaskana

Si liqua
alta

Biatella
aretiea

Pandora
filosa

Pandora
bilirata

Pandora
grandis

Thraeia
myopsis

Lyonsia
norwegiea

Cardiomya
Sp .

Cardiomya
peetinata

Cardiomya
planetiea

SF/DF

SF/DF

SF

SF

SF

SF

SF

DF

DF

DF

SF

SF

SF

SF

SF

SF/DF

SF

P/S/DF

P/S/DF

P/S/DF

s

s

M

M

M

S/DM

M

s

s

s

M

s

s

s

s

s

s

s

s

s

199

200

201

202

203

204

205

206

207
208
209

210

211

212

213

214

215

216

217
218
219

220

Cardiomya
oldroydi

GASTROPODA
Puneturella

eooperi
Lepe ta

caeca
SolarieZZa

obseura
So”lariella

varicosa
Solariella

leuisai
Taehyrynchus

reticulates
Calyptraea

fastigata
Natiea clausa
Poliniees sp.
Poliniees

nanus
Polinices

pallidus
Troph.onopsis

Zasius
Amphissa

eolumbiana
Amphissa

retieulata
Mitrella

gouldi
Suavodrilla

Sp .
Suavodtilla

Uilletti
Oenopota sp.
Odostomia sp.

P/S/DF

s

SF

SIP

s/P

s/P

s/P

SF
P
P

P

P

P

P

P

u

P

P
P
o

Odostomia
Cf. o.
cyria o

Turbonilla
Sp . 0

s

M

M

M

M

M

M

M
M
M

M

M

M

M

M

M

M

M
M
M

M

M
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~ 21

Z22

~23
z 24

225
226

227

228

229
230

231

232
233

234

235

236
237

238

239

240

Retusa
obtusa

cyzWnza
alba

SCAPHOPODA
Dental{um sp.
Denta~h?

Clalzi
Caduhs SP.
CaduZus

S-tt?apnsi
CaduZus

tQ line{
CUMACEA

Lc?3ripPops
fuscata

Zkueon Sp.
Leueon
aeutirostis

Leucon
nasica

EudoPelZa  sp.
%doPelZa

emapginata
EudoreZZa
pae{fica

EudoPeZlopsis
<ntegra

fias-tyZis SP.
,Diastylis

bidentata
DiastyZis

papaspinu-
Zosa

Diasty~is
c.~. D.
_tetpadon

DiastyZis
h<zwata

P

P

DF/P

DF/P
DF/P

DF/P

DF/P

DF
DF

DF

DF
DF

DF

DF

DF
DF

DF

DF

DF/S

DF

M

M

M

M
M

M

M .

M
M

M

M
M

M

M

M
M

M

M

M

M

32

241

242

243

244

245
246

247
248

249

250

251

252

253
254

255

256

257

258

259
260
261
262
263

Campglaspis
Sp . DF

CwnpyZaspis
umbmsis DF

ISOPODA
Calatlwra
b~aneh<ata DF/S

Roe{nela
bellieeps DF/S

Gnath.<a sp. U
Gnahh<a

e20ngata TJ
Hyssura sp. U
$ynido+ea

pe-ttiboneae  S
AMPHIPODA

Aeanthonato-
zoma
infZatum u

Ampelisea
Sp . w?

Ampel-isea
maeroeephaZa SF

Ampelisea
bip-ulai SF

Byblis Sp. SF
Byblis

erass<eornis W?
Byblis

gaimapdi SF
Haploops
tubi.cola SF

Erzb%onius
hunteri SF

Neohe Za
monstrosa SF

MaePa danae SF
MaePa Zqueni SF
MeZitu sp. DF
/8e2iti dentatiz DJ?
Upothoe
dentieulata  SF

M

M

M

M
s

s
s

M

M

DM

DM

DM
DM

DM

DM

DM

DM

DM
M
M
M
M

M
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No. Species Class Class No. Species Class Class

264

265

266
267

268
269

270

271

272

273

274

275
276
277
278

279
280

281

282

283
284

285

286

287

Photis Cf.
P. reWuzrdi

Pwtomedeia
Sp .

Anonyx Sp.
Anonyx

Ochotious
Anonyx nugox
Hippomedon

Sp ●

Hippomedon
kurilicus

Hippomedon
propinquus

Lepidepeereum
Sp .

Lepidepecmum
kasatka

Lepidepeereum
eomatum

Ordomene sp.
Aeeroides  sp.
Bathymedon sp.
Bathymedon

nanseni
Monoculodes  sp.
Monoeulodes

diamesus
Vestwoodilla

caeeula
Nicippe
tida

Harpinia sp.
Haqhia

emery<
Harpinia

kobjakovae
Harpiniopsis

sanpedroens<s
Heterophoxus

oeculatus

288
289

290

291

292

293

294
295
296

Paraphoxus Sp.
Paraphoxus

Pobustus
PaYaphoxus

simplex
Phoxocephalus

Sp .
Phoxoeephazus

hamizis
Podoceropsis

Sp .
Metopa sp.
Metopa alderi
Sy2@7.Oe

crenulata
CAPRELLIDAE

Capre Zla
striatu

CIRRIPEDIA
Sealpellum sp.
ScaZpelZwn

eoh.anbianu
Balanus

crenatus
Balanus

nubi ZUS
BaZanus

rostiatus
DECAPODA

CMonoecetes
Sp .

Ch-ionoeeetes
bairdi

Pinntxa sp.
Pinnixa

oce<den-
tazis

P<nnixa
Sehmitti

Canee~
oregonerris

SF

SF

SF

SF

SF

DF
SF
SF

SF

s/P

SF

SF

SF

SF

SF

s/P

s/P
0

0

0

s/P

M

M

M

M

M

M
M
M

M

M

s

s

s

s

s

M

M
M

M

M

M

DF M

DF
s

M
M

s
s

M
M

S/DF M

S/DF M

S/DF M

S/DF M
297

S/DF M

S/DF
s
DF/S
DF/S

M
M
M
M

298
299

300

301

302

DF/S
DF/S

M
M

DF/S M

DF/S M 303

304

305
306

SF
SF

M
M

SF M

SF M
307

308
SF M

SF M
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‘o. Species Class Class No. Species Class Class

109
I1O

ill

i12

113

114

)15

)16

117

~18

319

120

)21

322

323

324

325

SIPUNCULIDA
GoZj%@a spa
Golf{ngia
ma~gar<tacea

GoZf<ng<a
Vulgaris

Phaseolion
Stroembi

PRIAPULIDA
Priapulus
caudatus

ECTOPROCTA
MiePopoP<na

borealis
CZav<po~a

oecidentzzZis
BRACHIOPODA

Hemithiris
psi-ttzzcea

Tereb~atuZinu.
unguicula

T@ebratulina
c~ossei

Deistothyz%
frontal<s

Laqueus cali-
forrrianus

TerebrataZia
tiansvezwa

ASTEROIDEA
c’tenodiscus

c2+spatus
He?wicia

leviuscula
ECHINOIDEA

Bz%saster
tcwnsendi

S-brongyZocen-

DF

DF

DF

DF

P

SF

SF

SF

SF

SF

SF

SF

SF

DF

SF

DF/S

s

s

s

s

327

328

329

330
331

332
M

333
s

s

s

s

s

s

s

s

M

M

M

334

335
336
337

338

339

340

Wamphiodia
craterodmeta DF

Wmph{odia
periereta DF

Pandellia
carchara DF

Uniopzus SP. DF
Unioplus
macraspis DF

Ophiacantha
catizZeimmo-.

DF
C&$ozis

aculeata SF
Oplrtopeniu
disacantlm  DF

Opkhra sp. DF/P
Op?z~ura sarsi DF/P
Stegophiura

Sp . u
HOLOTHUROIDEA
Molpadia
ktermediu DF

Cuc7.imaria
calcige~a  DF

Psozus
p?urntapus DF

M

M

M
M

M

M

M

M
M
M

M

s

s

s

cbobaehiensb S
OPHIUROIDEA

326 Dhmr%{od<a SD. DF

M

M.
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Cruise 193

Cruise 200

Cruise 202

Cruise 805

Cruise 807

Cruise 811

Cruise 816

Cruise DSOO1

R/V Acona - July 1974

R/V Acona - October 1974

R/V Aeons - November 1974

0SS Oeeanogmz@ze~ - February 1975

0SS Townsend Cromuell - May lg75

USNS Silas Bent - September 1975

0SS Discoverer - November-December 1975

0SS Discoverer - March 1976

Vessel scheduling and inclement weather prevented seasonal coverage

of the sampling grid during the first year (Table I) and samples from the

first five cruises (193-807) were pooled to obtain complete coverage of

the sample grid. Samples obtained during cruises 811 and 816 were pooled

to give complete coverage for the fall of 1975 and coverage for the spring

of 1976 was provided by samples from cruise DSOO1. Numerical analysis of

grab data collected during the first year of the study (1974-1975) and in

the fall of 1975 have been reported elsewhere (Feder et az., 1976; Feder,

1977; Matheke et al., 1976) and are included as Appendices I and II of this

report.

Sampling Efficiency of the van Veen Grab

The van Veen grab functioned effectively in the fine sediments

covering most of NEGOA, and typically delivered 15-19 liters of sediment.

Penetration was reduced in sites with considerable concentrations of sand

or gravel. The surface of all samples, examined through the top door of

the grab, was relatively undisturbed as evidenced by the smooth detrital

cover (see Feder et az., 1973, for further discussion). Ten replicates

were taken at Sites 4, 25, 30, 42, 48, 55 and 57 (Fig. 3) to determine

the relative effectiveness of the grab. These samples were examined

using a grab simulation program developed by Feder et az. (1973). This

program provides an estimate of the cumulative percent of individuals and

the cumulative percent of species collected in each step of a sequence of

ten grabs, based on 100% obtained in ten grabs. The percentage of re-

cruit individuals in the new species added at each subsequent grab was

estimated; in this case, the percentage of recruits is the number of

text continued from page 18.
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STATION 42
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Figure 3. Plots of cumulative percentage of individuals and species, and percent of recruits added
at each subsequent grab for Station 42. The total number of individuals and total of
species collected in 10 grabs equals 100 percent.
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individuals per new species added per grab divided by the sum, over all ten

grabs, of the number of individuals per new species added per grab (for a

detailed discussion see Feder et a2., 1973; Longhurst, 1964; Holme, 1964;

Lie, 1968). The results of the grab simulation program were similar for each

of the six sites analyzed. Figure 3 shows a representative plot of the re-

sults. The cumulative percent of species taken in five grabs at Sites 4, 25,

30, 42, 48, 55 and 57 ranged from 77.5 to 83.0%. The percent of recruit

individuals obtained in the fifth grab ranged from 3.7 to 6.3%. This means

that 93.7 to 96.3% of the recruit individuals found in 10 grabs were collec-

ted in the first five grabs. This indicates that the more abundant species

were collected in the first five samples and recruitment of individuals of

new species in subsequent samples represents only the less abundant species.

Numerical Analysis: Data Collected During 0SS Discoverer Cruise DSOO1

In the spring of 1976 samples were collected at 41 sites during R/V

Diseoverep cruise DSOO1 (Table I). From these samples 438 taxa were iden-

tified (Appendix III). Prior to numerical analysis this data was reduced

by eliminating all taxa which could not be identified to genera and all

taxa which occurred at only one site in low abundance. This treatment

reduced the number of species to 200 (Table III).

Numerical Analysis: ~transformed  Abunckznee Data

A normal cluster analysis of untransformed abundance data produced

six site groups at the 28% similarity level (Figs. 4 and 5; Table IV);

three sites (2, 39 and 53) did not join any of the groups. Two major

groups, identified as Inshore Group 1 and Inshore Group 2, consisted pre-

dominantly of sites located on the continental shelf. ho other groups

(Shelf Break Groups 1 and 2) consisted of sites located at or near the

200-m contour. Smaller site groups consisted of Sites 56 and 57 (the

Tarr Bank Group) located on Tarr Bank and Sites 54 and 63 (Group 5).

An inverse cluster analysis identified 58 species groups at the 33X simi-

larity level (Table V; distribution maps of numerically abundant species

are presented in Appendix IV). A two-way coincidence table comparing site

groups formed by the normal cluster analysis with the species groups formed

text continued on page 41.
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TABLE III

SPECIES SELECTED FOR NUMERICAL ANALYSIS OF GRAB DATA COLLECTED DURING
R/V DISCOVERER CRUISE DS 001

Species Species

ANTHOZOA
P_ti_Zosareus  guxnegi
Peaelzia sp.

POLYCHAETA
Hmothoe SP.
Harmoth.oe imbrieata
PoZynoe sp.
peisidiee aspe~a
Pholoe minuta
Eteone Zonga
AutoZytus  magnus
SylZis spongiphila
Typosyllis  Sp.
Typosyllis alternata
Typosyllis armillcn%s
EusylZis blomstrandi
Ch.eilonereis  eyelms
Ne?eis sp.
Nereis pelagiea
Nereis .zonata
Nephtys sp.
Nephtys punetata
flephtys longosetosa
AgZaophms rubella anops
Glyce~a eapitata
GZyeinde pieta
Gorriada annulata
Onuphis eonehylega
Onuphis geophil{formis
Onuphis i~ideseens
Onuphis parva
Eunice valens
.Euniee kobiensis
Lumbrine~is sp.
Lumbrineris  .zonata
Ninoe gmmea
DriZonereis sp.
DriLone?eis  filurh
Drilonereis faleata mino~
Haploseoloplos  elongatus
Aricidea sp.
Arieidea sueeica
Paraonis g~aeilis
ApistobPanehus sp.

Laonice eirrata
Magelona japoniea
MageZona paeifica
Spioehaetopterus  eostam
Tharyx sp.
Ckaetozone setosa
Brada villosa
SeaZib~egma  infl.atum
T?avisia pupa
Sternaspis  scutata
CapitelZa eapitata
Hetemmastus filifom?is
Asyehis similis
MaUane sa?si
MaZdane glebifex
Nieomaehe lumb~iealis
Notop~oetus  Sp.
Notop~oetus paeifiea
AxiothelZa  rub~oeineta
Pw2riZZella  graeilis
Praxillella  affinis
Rhodine bitorquata
Owenia fus<fomis
My~ioeheZe  heeri
Idunthyrws armatus
Amphietene  auxieoma
Ampha~ete sp.
Ampharete aretiea
AmphaPete  aeutif~ons
Melinna eristata
Melinna elisabethae
Pista sp.
Pista eristata
Artaeama  conife~a
Te~ebelZides  st~oemii
T~iehobPanehus  glaeialis
C’hone sp.
Chone graeilis
Euehone analis
PseudopotamiZZa  Penifozvnis
G%.itinopoma gpoenlandiea
CncigePa imegulapis
Spi~oPbis sp.
Aphroditct pawa

38



TABLE III

CONTINUED

Species Species

POLYPLACOPHORA
Iseh.noehiton  albus

PELECYPODA
AZaula tenuis
Nuculana pernula
Yoldia sp.”
Yoldia amygdalea
Yoldia secunda
Myhilus edulis
CreneZZa dessucata
MegacFenella  eohanbiana
Daerydizm sp.
Dacw~dium vit~eum
Propemssiwn alaskense
DeZectopeeten  zzzndolphi
Lima hgperborea
Astarte sp.
Astarte bo~ealis
Asta.rte alaskensis
Astarte polaris
Astarte esquimaulti
Cgcloeardia sp. ‘
Cyeloeardia ventricosa
CycZoeardia crebricostata
Axinopsida  serrieata
Axirwpsida  viridis
Thyasira flexuosa
Mysella sp.
Odontogena borealis
Clinoeardium  sp.
Clinoeardium  eiliatwn
Psephidia  lordi
Spisula polynyma
Maeoma cakzrea
Maeoma brota
Hiatella axctica
Thraeia myopsis
Cardiomya sp.
Cardiomya peetinata
Cardiomya planetiea
Puneturella  cooperi
SoZarieZZa obsa.ra
Calgptraea fastigata
Natica clausa
PoZiniees nanus

Poliniees pallida
Am@issa columbiana
tit~ella gouldi
Odostomia sp.

SCAPHOPODA
DentaZium sp.
Dentalium  dalli
Cadulus sp.
Cadulus stearnsi
Cadulus tolmei

CIRRIPEDIA
Scalpelhun sp.
Balanus crenatus
Balanus nubilis
Babnus rostratus

CUMACEA
Leucon sp.
Leucon ?uzsica
Eudorella  emarginata
Eudorellopsis  integra
Diastylis sp.

ISOPODA
Gnathia elongata

AMPHIPODA
Ampelisca sp.
Ampelisca macrocephala
Arrpelisca birulai
BybZis sp.
BybZis gaimaxdi
HapZoops tubicola
Neohela monstrosa
Vrothoe denticulata
Protomedeia  sp.
Anonyx sp.
Arwnyx nugax
Hyppomedon  sp.
Lepidepecreum  comatum
Wcippe tumida
Harpinia sp.
Harpinia kob~akovae
Harpiniopsis  sanpedroensis
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TABLE III

CONTINUED

Species Species

DECAPODA
G%onoeeetes  bairdi
Pinnixa sehmitti

SIPUNCULA
GoZfingia margaritacea
Golfing{a vulgds
PhaseoZ<on  st~ombi

ECTOPROCTA
CZav@o~a oecidentalis

BWICHIOPODA
Ziemithitis psittaeea
Te~eb~atuZ<na  unguicula
Terebratulina  c~ossei
Laqueus californianus
Te~ebrataZ<a transversal

ASTEROIDEA
Ctenodiscus crispatue
Henz%ia Zeviuseula

(.

.*
,,,

;.. ~,

.,
.,

,,,
.,

ECHINOIDEA
BrisasteP  townsendi

OPHIUROIDEA
Diamphiodia c~aterocheta
Diamphiodia  petiereta
Unioplus  sp.
Unioplus  macraspis
@hiacantha cataleinnnoida
Ophiopholis  aeuleata
ophiopenia  disaeantha
Ophiura  sapsi

HOLOTHUROIDEA
Molpadia intermedia
Psolus phantapus

‘ ,,

.-

.,
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Figure 4. Dendrogram produced by cluster analysis using untransformed abundance data (No. of
individuals/m 2) collected during 0SS Discoverer Cruise DSOO1.
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TABLE IV-a

SITE GROUPS FORMED BY CLUSTER ANALYSIS OF DATA COLLECTED DURING
R/V DISCOVERER CRUISE DS 001 MARCH 1976

Untransformed

Site Group

Inshore Group
Inshore Group

#/m2 data

1
2

Shelf Break Group 1
Shelf Break Group 2
Site Group 5
Tarr Bank Group
Sites which did not join groups

Sites

1, 3, 4, 5, 7, 26, 32, 50, 51, 55, 61
28, 31, 40, 41, 42, 49, 60, 68
6, 43, 44, 48, 58, 69
25, 27, 33, 62
54, 63
56, 57
2, 39, 53

Logarithm transformed #/m2 data

Site Group

Inshore Group

Shelf Break Group
Site Group 6
Tarr Bank Group
Sites which did not join groups

Sites

1, 3, 4, 5, 26, 28, 32, 40, 50, 51, 55,
53, 54, 31, 41, 42, 43, 49, 61, 63
6, 25, 27, 33, 44, 48, 58, 62, 69
52, 60
56, 57
2, 7, 39
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TABLE IV-b

COMPARISON OF SITE GROUPS FORMED BY CLUSTER ANALYSIS OF UNTRANSFORMED
AND h TRANSFOIWED  ABUNDANCE DATA

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group,
G = Group, DNC = Did not join any station group

Site

1
3
4
5
7

26
32
50
51
55
61

28
31
40
41
42
49
52
60
68

6
43
44
48
58
69

25
27
33
62

54
63

56
57

2
7

39
53

Untransformed Data

IG1
IGl
IG1
IG1
IG1
IG1
IG1
IG1
IG1
IG1
IG1

IG2
IG2
IG2
IG2
IG2
IG2
IG2
IG2
IG2

SBG1
SBG1
SBG1
SBG1
SBG1
SBG1

SBG2
SBG2
SBG2
SBG2

G5
G5

TBG
TBG

DNC
G1

DNC
DNC

Transformed Data

IG
IG
IG
IG

DNC
IG
IG
IG
IG
IG
IG

IG
IG
IG
IG
IG
IG
G6
G6
IG

SBG
IG2
SBG
SBG
SBG
SBG

SBG
SBG
SBG
SBG

IG
IG2

TBG
TBG

DNC
DNC
DNC
IG
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TABLE V

SPECIES GROUPS FORMED BY AN21NVERSE  CLUSTER ANALYSIS OF UNTRANSFORMED
ABUNDANCE DATA (#/m ) - R/V DISCOT27RER CRUISE DS 001

Identification Numbers (ID) for Cross Reference with Table II are
Included in Brackets

Group Species

1 Notoproctus  Sp. (108), D&zmphiodiape riereta (328),
PS02US phantapus (340), Travisia pupa (97), Aphrod<ta
parva (146), Megacrenella  colwnb<ana (161), Wueigera
irregulars (143)

2

3

4

5

6

7

8

9

10

11

Capite22a eapitata (99), Brisaster townsendi (324)

Ampelisea  birulai (252), Harpinio@is sanpedroensis
(286), Diastylis sp. (236)

Pseudopotamilla ~eniformis (141), Anongx sp. (266),
Aricidea sueeiea (74), Notoproetus paeif<eus (109),
Ph.ascolion stroeinbi  (312), Golfingia margaritacea  (310),
GoZfingia vulga~is (311), Typosy12is sp. (30), Typosyllis
alternata (31), Idanthymus matus (116)

Ampharete sp. (120), Ampharete arctica (121)

Syllis spongiphila (28), Harpinia sp. (283), Poliniees
nanus (209), Cardiomya pectinata (196), Byb2is gaimardi
(255)

Ch.one sp. (135), Anonyxnugax  (268), Punetu.reZla cooperi
(200), Unioplus sp. (33o), Glyeinde  picta (53), Rhodine
bitorquata (113), Clavipora oeeidentalis (315)

Dentalium  sp. (223), Cardiomyaplanetiea (198), Byblis
Sp. (253)

Clinocardium ciliatum (182), Poliniees pallidus (210)

Amphic.tene auxieoma (117), Spirorbis sp. (145),
Deleetopeeten randolphi (165), .hpelisca sp. (250),
Mytilus edulis (159), Ophiacantha cataleimmodia  (332),
Apistobranchus sp. (77), Pista sp. (128), Euchone
analis (138), Lima hyperborea (166)

Polynoe sp. (19), Henricia levtkseula (323), Calyptraea
fastigata (206), Gnuthia elongata (246), Clinoeardium
Sp. (181)
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TABLE V

CONTINUED

Group Species

“ 12 Nicomache Zumbriealis (106), Praxi22e22a  affinis (112)

13 Peisidice aspera (20), Te?ebratulina unguie-ula (317),
Astarte bo~eal{s (168), Terebrabalia transversal (321),
BaZanus rostratus  (302), Eunice va’lens (62), Astarte sp.
(167), Lumbrine~is  zonata (67), Laqueus ealifornianus
(321)

14

15

G@ee~a eap<tata (52), Melinna e?istata (126], Isehno-
ehiton albus (148)

Harmothoe ;mbzzhata (14), Propemssium alaskense (164),
Te~eb~atulina  erossei (318], Tgposgllis millaris (32),
MeZinna el<sabethae (127), BaZanus nubilis (301),
D~iZonerei.s  faleata mino~ (71), Onuphis eonch~lega (58),
Dz%Zone~eis  filum (70), Bal.anus erenatus (300), Natiica
elausa (207), Amph.issa eohmbiana (212), Hemithiris
psittaeea (316), flephtys Zongosetosa (49), Spiochaetop-
teru.s eostarum (88)

16 Pholoe minutia (21), Haploseoloplos elongatus (72), Auto-
Zytus magnus (27), Ampelisea maerocephala  (251), Mefiopa
SP. (294)

17 H<atella arctiea (190), EusyZlis blomst~andi (33),
G%one g~acilis (136), Dac~ydiwn sp. (162)

18 Chitinopoma  groenlandiea  (142), .Euniee kobiensis (63),
Syzv%oe e~enulata (296), Lep{depeerem  comatwri (274),
Owenia f’us{formis (114)

19 .Laoniee eimata (79]

20 Haploops tubicola (256)

21 Paraonis g~aeilis (76), Phoxocepha2us  hamilis (292),

22 Cheilone~eis  eye’kvms (38), T~iehobranehus  glacialis
(134), Maeoma ealearea (186)

23 Peaehia sp. (3), Asychis similis (101)

46



TABLE V

CONTINUED

Group Species

24 Cyeloeaxdia sp. (173), Oph.iopholis  aeuleata (333),
Astarte alaskensis (169), As+arte esquimaulti (172),
Astarte polaris (171), U?othoe dentieulata (263)

25 C%enella dessueata (160), CycZoca~dia ventficosa (174),
Psephidia lordi (184)

26 Oplziura sarsi (336)

27 MyrioefieZe heeri (115)

28 EudoreZZa  emarginata (233), EudoreZZopsis  integra (235),
Protomedeia sp. (265), Harpinia kobjakovae (285),
Leueon SP. (229), Spiophunes eimata (84), Heteromastus
fi2ifonnis (100), AgZaophamus  ruZeZZa anops (51),
T?uzryx  .5P. (90)

29

30

31

32

33

34

35

36

37

38

Ch.aetozone setosa (91), Amph.arete aeutifrons (122),
Axiothella  rubrocincta (110), NeoheZa monstrosa (258),
Leueon nasiea (231), Macoma b~ota (187)

CyeZoeardia  e~ebrieostata  (175), CaduZus stearnsi
(226)

Daerydium vitreum (163)

NucuZa tenuis (151), Yoldia sp. (156)

Lumbrineris sp. (64), NucuZana fossa (153), Thyasi?a
flexuosa (178), Stemspis seutata (98)

Axinopsida  serrieata (176)

Goniada annuZata (5.5), Molpadia intermedia  (338),
Nephtys punetata (48), DentaZium  daZzi (224)

TerebeZlides stroemi (133), Heterophoxus oeeulatus
(287), Ne?eds .zonata (43), Chuetoderrna robusta (147)

Nephtys sp. (44), Ninoe gemmea (68)

Onuphis iridescent (60), PraxiZZeZZa graeiZis (111),
Ctenodiseus erispatus (322), Pista cristata (129)
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CONTINUED

Group Species

39

40

41

42

43

44

45

46

47

48

49

50

51

52

53

54

55

56

57

58

Yoldia amygdalea  (157), CaduZus  tolmei  (227)

Odontogenu  borealis (180)

Diamphiodia  erate~odmeta  (328)

Mit~ella gouldi (214), Phzixa schmitti (307),
Ptilosamus gurneyi (2), fle~eis pelagiea (41),
Megelona paeif<ea (86]

Maldane sarsi (103), Iieippe tum<da (282)

Mgse12a sp. (179), Ca~d<omya sp. (196], Arieidea SP.
(73), h?ppomedon  SP. (269)

AutoZytus magnus (27), Axinopsida viridis (177), Ne~eis
sp. (40), MaZdane gZebifex (104)

Un<oplus maeraspis (331)

Haq?nothoe  sp. (13), Ckionoecetes bai~di (304)

Cadulus sp. (225)

Brada villosa  (92), SeaZib~egma infZatum (95]

Sp&wZa  poljwnjma  (185)’

Artaeama eonife~a (131)

Drilonereis sp. (69), Tlaraeiamyopsis  (194], Onuphis
geophiliformis  (59)

SolkzrielZa obsewa (202), Odostomia sp. (218)

Yoldia seeunda (158)

Ophiopenia disaeantha

Onuphis parva (61)

Spio fil<eornis  (81),

SealpeZ2um sp. (298)

(334)

Magelonu japoniea (85)
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by the inverse cluster analysis is presented in Appendix V. Reduced two-

way tables of Average Cell Density (Table VI), Constancy (Table VII) and

Fidelity (Table VIII) were utilized to determine the species and species

groups which characterized and distinguished each of the site groups.

Many species groups consisted of species present in only one or two sites,

and these groups were eliminated from the graphical representation of spe-

cies group distribution shown in Figure 6. The fidelity and constancy of

the major species groups were arbitrarily divided into four classes: very

high (vH), 95-100%; high (H), 66-94%; medium (M), 33-65%; low (L), 16-32%;

and very low (vL), 0-15% (Fig. 6). A summary of the distribution of the

major species groups follows (refer to Appendix V, Table I; Text, Tables

V-VIII, Fig. 6):

Species Group 3. These species were most abundant in Shelf Break Group 2.
They had a high constancy in that group. “

Species Group 4. These species were found predominantly in Shelf Break
Groups 1 and 2, and the Tarr Bank Group.

Species Groups 13, 14 and 15. Species in these groups were abundant in
the Tarr Bank Group. Members of Species Group 14 were also common
in Shelf Break Group 1.

Species Group 25. These species were abundant in the Tarr Bank Group,
and in Shelf Break Group 2.

Species Group 26. Gphiwa saxsi, the only species in this group, was
found in all site groups except for Site 2. It was most abundant
in Site Group 5 and .$ites 54 and 63.

Species Groups 28 and 29. The species in this group were most abundant
in Site 53. Species in Group 28 were also abundant in Site 54 of
Site Group 5.

Species Groups 32 and 33. The species in these two groups were ubiquitous
(medium to high constancy in all site groups).

Species Group 34. This species, &$YWpS~& sez?ric?ata, was most abundant
in Inshore Group 2. It was also abundant in some of the sites in
Inshore Group 1.

Species Group 35. These species were most abundant in Site 53. They were
also common in Inshore Groups 1 and 2. Members of this group were
present in all site groups.

text continued from page 29.
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TABLE VI

SITE GROUP/SPECIES GROUP COINCIDENCE TABLE SHOWING AVERAGE CELL DENSITIES OF GROUPS FORMED BY
A CLUSTER ANALYSIS OF UNTRANSFORMED ABUNDANCE DATA - R/V DISCOVERER, MARCH 1976

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group

Site Groups
Site* Group Site* Site*

Species Group IG1 IG2 SBG1 TBG SBG2 53
(i)

39
(ll)t (9) (4) (2) (6) (;) (1) (1)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

(7)tT
(2)
(3)

(lo)
(2)
(5)
(7)
(3)
(2)

(lo)
(5)
(2)
(9)
(3)

(15)
(5)
(4)
(5)
(1)
(1)
(2)
[3)
(2)
(6)
(3)
(1)
(1)
(9)
(6)
(2)
(1)
(2)
(4)
(1)
(4)
(4)
(2)
(4)
(2)
(1)
(1)
(5)
(2)
(4)
(4)
(1)
(2)
(1)
(2)
(1)
(1)
(3)
(2)
(1)
(1)
(1)
(2)
(1)

0.1
0.8
1.1
0.
0.2
0.
0.1
0.2
0.
0.0
0.
0.2
0,0
0.4
0.0
0.5
1.1
0.
0.9
0.5
1.1
0.
0.2
0.4
2.8
1.9
0.
0.8
0.2
1.6
0.2

13.2
15.0
8.6
4.0
1.6
1.5
5.2
1.6

11.9
0.4
0.
0.
0.1
0.1
1.7
0.3
1,3
0.2
0.2
0.
0.2
0.8
1.6
0.7
0.
0.
0.

0.
1.0
0.
1.6
1.0
0.
0.
0.
1.0
0.
0.
0.
0.4
0.
0.
0.8
0.5
0.
0.
0.
0.
0.
0.
0.
0.
0.
2.0
0.4
0.
0.
0,
1.0
3.5
0.
1.0
0.
0.
2.0
2.0
8.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
00
2.0
0.
0.

14.0

* Sites which did not join any site
t’ Number of sites in the group
+’t Number of species in the group

0.0
0.
0.4
0.2
0.3
0.2
0.0
0.
0.3
0.0
0.
0.4
0.5
1.7
0.1
0.0
0.1
0.0
0.
0.4
0.4
0.1
0.1
0.6
8.1

12.2
16.4
0.3
0.0
1.9
3.6

54.4
13.9
10.2
1.3
3.3
2.0
3.9
6.7
7.6

12.9
1.9
0.4
0.2
0.7
4.2
0.
0.2
0.2
0.
0.7
1.0
0.7
0.
0.4
0.
1.4
0.

groups

0.1
0,3
0.3
2.3
1.0
0.2
0.2
0.
0.
1.0
0.
0.
0.7
7.3
0.0
0.6
0.5
0.7
2.0
4.0
0.
0.
0.
0.6
0.5

10.5
3.5
0.2
0.
0.3
0.
5.0
3.6
2.5
0.5
0.5
0.8
3.6
0.

11.5
0.
0.
0.
0.3
0.
8.0
0.
0.5
0.
0.
0.5
0.
0.
0.
0.
0.
0.
0,
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0.1
0.8
0.7
3.9
0.5
0.4
0.3
0.3
0.
0.3
0.7
1.0

25.6
8.7
3.0
2.8
0.4
0.2
1.5
0.
0.
0.

10.8
2.2

15.0
5.5
0.5
0.5
0.
0.
1.0
3.0
7.1
0.
0.1
0.5
0.3
0.5
0.
0.
2.5
0.5
0,
0.3
1.5
1.0
0.
0.
1.0
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.7
0.3
7.5
4.1
1.2
1.5
0.6
0.9
0,3
0.2
0.
0.
2.0
1.2
0.1
0.2
0.2
0.1
1.3
1.7
0.2
0.1
2.3
4.6

26.1
62.4
2.6
0.3
0.1
0.2
1.9
9.1
3.8
5.0
0.4
1.8
1.0
3.3
0.2

15.9
0.
0.1
2.3
0.1
1.5
3.0
0.
0.
0.6
0.7
0.
0.1
0.
0.
0.8
4.7
0.
00

0.
0.
1.3
0.
3.0
0.6
0.
0.
0.
0.
0.2
2.5
0.
0.
0.3
1.4
0.
0.2
0.
0.
1.0
2.0
0.
0.
2.0

300.0
0.

12.0
0.5
0.
0.

22.0
18.8
0.
1.0

10.8
1.5
3.5
9.5
1.0
0.
0.2
0.
0.3
1.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
1.3
0.
1.0
0.4
0.
0.7
0.
0.
0.
0.
0.
0.
0.
1.6
0.
0.
0.
0.
1.0
0.
0.
2.3
0.

22.0
0.

39.6
5.0
0.
0.
4.0

79.5
0.

11.5
11.5
1.0
1.0
4.0
0.
0.
0.4
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
2.2
0.
0.’
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
3.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
3.3
0.
0.
0.6
0.
0,
5.0
1.7
0.
0.8
0.8
0.
0.8
0.
0.
0.
0.
6.7
5.0

44.2
26.7
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.



TABLE VII

SITE GROUP/SPECIES GROUP COINCIDENCE TABLE SHOWING PERCENT CONSTANGY OF SPECIES GROUPS IN
EACH SITE GROUP - R/V DISCOVERER, MARCH 1976

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group

Site Groups
Site* Group Site* Site*

Species Group IG1 IG2 SBG1 TBG SBG2 53 39
(ll)t (:) (9) (4) (2) (6) (:) (1) (1)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

(7)tt 3.9
i2j
(3)

(lo)
(2)
(5)
(7)
(3)
(2)

(lo)
(5)
(2)
(9)
(3)

(15)
(5)
(4)
(5)
(1)
(1)
(2)
(3)
(2)
(6)
(3)
(1)
(1)
(9)
(6)
(2)
(1)
(2)
(4)
(1)
(4)
(4)
(2)
(4)
(2)
(1)
(1)
(5)
(2)
(4)
(4)
(1)
(2)
(1)
(2)
(1)
(1)
(3)
(2)
(1)
(1)
(1)
(2)
(1)

31.8
12.1
0.
9.1
0.
2.6
6.1
0.
0.9
0.
9,.1
2.0
9.1
0.6

16.4
11.4
0.

18.2
9.1
9.1
0.
4.5
3.0

21.2
36.4
0.

14.1
4.5

18.2
9.1

100.0
75.0
27.3
65.9
34.1
45.5
65.9
22.7
63.6
9.1
0.
0.
2.3
2.3

18.2
13.6
18.2
4.5
9.1
0.
6.1

22.7
9.1

27.3
0.
0.
0.

0.
50.0
0.

30.0
50.0
0.
0.
0.

50.0
0.
0.
0.

11.1
0.
0.

20.0
25.0
0.
0.
0.
0.
0.
0.
0.
0.
0.

100.0
11.1
0.
0.
0.

50.0
50,0
0.

25.0
0.
0.

50.0
50.0

100.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

100.0
0.
0.

100.0

1.6
0.

11.1
7.8

11.1
8.9
1.6
0,

16.7
1.1
0.

11.1
6.2

25.9
5.2
2.2
2.8
2.2
0.

22.2
22.2
7.4
5.6
9.3

40.7
77.8
44.4
9.9
1.9

27.8
22.2
66.7
83.3
66.7
41.7
61.1
55.6
66.7
16.7
55.6
22.2
20.0
16.7
5.6

13.9
33.3
0.

11.1
11.1
0,

33.3
18.5
16.7
0.

22.2
0.

16.7
0.

* Sites which did not join any site groups
t’ Number of sites in the group
‘t+ Number of species in the group

3.6
12.5
16.7
50.0
37.5
5.0
7.1
0.
0.

30.0
0.
0.

19.4
75.0
1.7

20.0
18.8
25.0
25.0
25.0
0.
0.
0.

16.7
25.0

100.0
50.0
11.1
0.

12.5
0.

62.5
62.5
50.0
12.5
18.8
37.5
87.5
0.

100.0
0.
0.
0.

12.5
0.

50.0
0.

25.0
0.
0.

25.0
0.
0.
0.
0.
0.
0.
0.
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7.1
50.0
33.3
45.0
25.0
10.0
21.4
33.3
0.

20.0
50.0
50.0
88.9

100.0
83.3
70.0
25.0
10.0

100.0
0.
0.
0.

50.0
41.7
83.3
50.0
50.0
16.7
0.
0.

50.0
75.0
75.0
0.

12.5
25.0
25.0
37..5
0.
0.

100.0
10.0
0.

12.5
25.0
50.0
0.
0,

25.0
0.
0.
0.
0.
0.
0.
0.
0.
0.

23.8
16.7
66.7
51.7
33.3
43.3
23.8
38.9
16.7
10.0
0.
0.

20.4
38.9
4.4

10.0
8.3
6.7

16.7
33.3
8.3
5.6

41.7
41.7
83.3

100.0
66.7
11.1
5.6
8.3

50.0
58.3
62.5
33.3
20.8
50.0
41.7
45.8
8.3

50.0
Q.
3.3

33.3
4.2

29.2
33.3
0.
0.

25.0
16.7
0.
5.6
0.
0.

33.3
16.7
0.
0.

0.
0.

16.7
0.

50.0
20.0
0.
0.
0.
0.

10.0
25.0
0.
0.
6.7

30.0
0.

10.0
0.
0.

25.0
50.0
0.
0.

33.3
100.0

0.
55.6
16.7
0.
0.

75.0
100.0

0.
37.5
87.5
50.0
37.5
25.0
50.0
0.

10.0
0.

12.5
25.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

33.3
0.

50.0
20.0
0.

33.3
0.
0.
0.
0.
0.
0.
0.

20.0
0.
0.
0.
0.

50.0
0.
0.

16.7
0.

100.0
0.

100.0
100.0

0.
0.

100.0
75.0
0.

100.0
100.0
50.0
50.0
50.0
0.
0.

20.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

33.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

40.0
0.
0.
0.
0.
0.
0.
0.
0.
0.

100.0
0.
0.

16.7
0.
0.

100.0
25.0
0.

25.0
25.0
0.

25.0
0.
0.
0.
0.

100.0
100.0
100.0
100.0

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.



TABLE VIII

SITE GROUP/SPECIES GROUP COINCIDENCE TABLE SHOWING PERCENT FIDELITY OF SPECIES GROUPS IN
EACH SITE GROUP - R/V lllSCOV~R~R,  NARCH 1976

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tar Bank Group

Site Groups
Site* GrouD Site* Site*

Species Group IG1 IG2 SBG1 TBG SBG2 53 39
(11)? (:) (9) (4) (2) [ 6 ) (% (1) ( 1 }

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38

::
41
42
43
44
45
46
47
48
49
50
51
52
53
54
55
56
57
58

(7)++  8.5
(2j
(3)

(lo)
(2]
(5)
(7)
(3)
(2)

(10)
(5)
(2)
(9)
(3)

(15)
(5)
(4)
(5)
(1)
(1)
(2)
(3)
(2)
(6)
(3)
(1)
(1)
(9)
(6)
(2)
(1)
(2)
(4)
(1)
(4)
(4)
(2)
(4)
(2)
(1)
(1)
(5)
(2)
(4)
(4)
(1)
(2)
(1)
(2)
(1)
(1)
(3)
(2)
(1)
(1)
(1)
(2)
(1)

24.3
7.3
0.
2.2
0.
4.3

11.2
0.
1.3
0.
4.9
0.1
2.2
0.3
4.8

41.0
0.

15.8
6.9

30.3
0.
1.4
3.7
5.1
0.4
0.
1.5
2.6

40.1
3.4

11.3
10.2
32.8
19.1
5.2

19.0
21.6
6.8

21.2
2.3
0.
0.
0.9
0.1
3.9

100.0
64.6
9.0

21.4
0.

13.7
55.1

100.0
18.5
0.
0.
0.

0.
3 2 . 4
0.

1 3 . 3
1 2 . 1
0.
0.
0.

60.0
0.
0.
0.
1.5
0.
0.
7.0

17.9
0.
0.
0.
0.
0.
0.
0.
0.
0.
8.0
0.8
0.
0.
0.
0.9
2.4
0.
4.8
0.
0.
8.4
8.3

14.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

51.0
0.
0.

100.0

3.5
0.
3.0
1.3
4.0
5.4
2.6
0.

20.0
1.5
0.

10.7
1.6
8.8
2.9
0.4
2.0
3.5
0.
6.8

11.9
6.6
0.8
5.9

14.8
2.9

65.8
0.5
0.6

48.2
53.3
46.6
9.5

38.8
6.5

10.8
25.0
16.5
27.8
13.5
81.8
61.8
4.7
2.7
1.4
9.5
0.

10.8
11,0
0.

57.1
78.0
44.9
0.

11.3
0.

100.0
0.

7.8
8.1
2.2

18.7
12.1
6.0

17.8
0.
0.
65.6
0.
0.
2.5

38.0
0.9
5.3

17.9
54.8
34.8
60.9
0.
0.
0.
5.5
0.9
2.5

14.0
0.4
0.
6.4
0.
4.3
2.5
9.5
2.40
1.6
9.4

15.2
0.

20.6
0.
0.
0.
4.1
0.

17.9
0.

24.5
0.
0.

42.9
0.
0.
0.
0.
0.
0.
0.

7.8
24.3
4.5

32.5
6.1

12.0
23.8
15.4
0.

17.3
77.8
24.1
87.3
44.9
85.4
24.6
13.4
15.7
26.1
0.
0.
0.

80.5
20.3
27.6
1.3
2.0
0.9
0.
0.

15.0
2.6
4.9
0.
0.6
1.6
3.1
2.1
0.
0.

15.9
16.2
0.
4.1
3.1
2.2
0.
0.

49.6
0.
0.
0.
0.
0.
0.
0.
0.
0.

72.5
10.8
50.1
34.2
15.0
46.5
51.5
42.5
20.0
14.4
0.
0.
7.0
6.1
2.9
2.2
7.9

10.4
23.2
25.4

::;
17.3
42.8
47.9
14.9
10.2
0.5
l.?
5.3

28.3
7,8
2.6

19.0
2.0
5.8

12.3
13.9
0.7

28.5
0.
2.7

24.4
1.7
3.0
6.7
0.
0.

30.3
79.6
0.
8.4
0.
0.

19.1
100.0

0.
0.

0.
0.
9.0
00

36.4
18.1
0.
0.
0.
0.

22.2
60.3
0.
0.
7.5

12.3
0.

15.7
0.
0.

26.7
88.5
0.
0.
3.7

71.8
0.

22.2
7.8
0.
0.

18.8
12.8
0.
4.8

34.9
18.7
14.7
39.6
1.8
0.
6.5
0.
4.1
2.5
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
9.0
0.

12.1
12.0
0.

30.9
0.
0.
0.
0.
0.
0.
0.

14.1
0.
0.
0.
0.

26.7
0.
0.

21.8
0.
5.3
0.

73.1
78.5
0.
0.
3.4

54.1
0.

55.7
37.3
12.5
4.2

16.7
0.
0.

12.9
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

14.9
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

29.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.8
0.
0.
8.7
0.
0.
4.3
1.1
0.
4.0
2.7
0.
3.5
0.
0.
0.
0.

70.9
82.3
89.9
59.8
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

* Sites which did not join any site groups
1’ Number of sites in the group
f+ Number of species in the group
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Species Group 36. These species were most abundant in Site Group 5 and
Site 53. They were present in medium constancy and reduced numbers
in Inshore Groups 1 and 2 and Shelf Break Group 2. These species
were present in all site groups except Site 2.

Species Groups 37 and 38. These species were found in most site groups
with generally low to medium constancy. They were fairly evenly
distributed in terms of density. Species in Group 37 were not
found in Sites 2 and 53.

Species Group 39. These species were most abundant in Site Group 5,
Inshore Group 2 and Site 53.

Species Group 40. This species, Odontogena bo~ealis, was most abundant
in Shelf Break Groups 1 and 2, Inshore Groups 1 and 2 and Site 2.

Species Group 41. This species, Diamph<od-ia crate~odmeta, was most
abundant in Inshore Group 2.

Species Groups 43, 44, 45 and 46. These species characterized Site 39.

The two-way tables (Tables VI-VIII and Fig. 6), in addition to pro-

viding information on the distribution of species groups, illustrate the

differences between the site groups. The fauna in Inshore Groups 1 and 2

was composed of species in Species Groups 25, 26, 32, 33, 34, 35, 36, 37,

38 and 40 (Tables VI-VIII; Fig. 5). Most of these groups consisted of

relatively ubiquitous species which were also present in most other site

groups. Inshore Group 2 differed from Inshore Group 1 primarily on the

basis of the increased abundance of members of Species Groups 25, 26, 27,

32 and 39 in Inshore Group 2 (Table VI). Site 2 was distinguished from

Inshore Groups 1 and 2 by the low abundance and low species richness of

its fauna. The fauna in the Shelf Break sites consisted of many of the

species found in Inshore Groups 1 and 2 plus members of Species Groups 3,

4 and 14. Shelf Break Groups 1 and 2 were distinguished from each other

on the basis of differences in abundance of Species Groups 3, 14, 25 and

26 (Table VI). The Tarr Bank Group sites (Sites 56 and 57) contained most

of the species which characterized the Inshore and Shelf Break Group sites

as well as members of Species Groups 13, 15 and 16 (Table VI). Sites 54

and 63 (Group 5) were linked together primarily by the high abundance of

the brittle star, Ophiura  sarsi (Table VI; Species Group 26) in these two

sites. Site 54 of Site Group 5 has many affinities with Site 53 (Appendix
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V, Table I); however, these sites were not classified together by this

analysis because of differences in the abundance of Gphiura sarsi. Site

39 was characterized by Species Groups 43-46 (Table VI; Fig. 6).

A principal coordinate analysis using the Czekanowski coefficient with

untransformed abundance data (Fig. 7) revealed groupings similar to those

produced by cluster analysis (Figs. 4 and 5). Although some sites are con-

tiguous, there is a visible separation between sites in Inshore Groups 1

and 2 and between sites in Shelf Break Groups 1 and 2 (Fig. 7). However,

Sites 56 and 57 (Tarr Bank Group), which were classified as a separate

group by cluster analysis, were closely associated with the Shelf Break

Group on plots of all three axes (Fig. 7). The principal coordinate analy-

sis (Fig. 7b and c) also indicated that Site 54 (Group 5; cluster analysis)

was more closely associated with Site 53 than with Site 63 (Group 5; cluster

analysis).

A principal coordinate analysis using untransformed abundance data and

the Canberra “metric” similarity coefficient is shown in Figure 8. The

Canberra metric coefficient reduced the effect of dominant species on the

analysis and the segregation of Inshore Groups 1 and 2 was no longer apparent.

Shelf Break Groups 1 and 2 exhibited a slight separation on the third

coordinate axis (Fig. 8b). Sites 56 and 57 were quite distinct from all

other sites on the first and second coordinate axes.

Numerical Analyses: Transformed Abundance Data

A cluster analysis of natural logarithm transformed abundance data

delineated four site groups at the 33% similarity levels; Sites 2, 7 and

39 did not join any of the groups formed (Figs. 9 and 10). An inverse

cluster analysis delineated 27 species groups at the 25% similarity level,

the major species groups formed are listed in Table IX. Two-way coincidence

tables (Appendix V, Table II; Text, Tables X–XII) were constructed compar-

ing site groups and species groups formed by cluster analysis of Zn trans-

formed abundance data. Inshore Groups 1 and 2 delineated by a cluster

analysis of untransformed abundance data merged to form a single large

inshore group when Zn transformed data were used (Table IV; Figs. 9 and 10).

text continued on page 57.
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TABLE IX

MAJOR SPECIES GROUPS DELINEATED BY INVERSE CLUSTER ANALYSIS OF
NATURAL LOGARITHM TRANSFORMED ABUNDANCE DATA, R/V DISCOVERER CRUISE DS 001

Numbers in parentheses are for cross reference with Table 11.

Species
Group Species

3 Ampharete  SP. (120), DiastyZis sp. (236),  Ampharete  arctica
(121), Byblisgaimardi (255)

4 MyriocheZe  heeri (115), Oph<opoZus aeuleata (333), LumbPi-
ne?is .zonata (67), Me_l<nna enkrtata (126), Glyee~a eapi-tata
(52), Unioplus mae?aspis (331), Astarte sp. (167), Laqueus
califurnianus (320), Ter+ebratulina  unguicula (317),
Ischnoeh<tin albus (148), Metopa sp. (294), C~enella
decussata (160), Cyelocardia venttieosa (174), Asyeh.<s
similis (101), Astarte po’laris (171), ll~oth,oe  dentieulata
(263), Typosyllis sp. (30), Idanthymus armatus (116),
Typosyllis  alternata (31), Arieidea sueeiea (74), Phascolion
st~ombi (312), Pe{sidiee  aspe~a (20), Hapiniopsis  sanpedro-
a.sis (282), GoZfingia vulgaris (311), Golfingia margari-
taeea (310), flotoproctus  paeifieus  (109), Ampel<sea bhulai
(252), Anonyx sp. (266)

I?ephtys sp. (44), Ninoe gemmea (68), Lumbrinetis sp. (64),
Nueula tenuis (151), Thyasira flexuosa (178), Nucuhna fossa
(153), Gphiura sarsi (336), Pseph.idia lo~di (184), Sternaspis
seutata (98), YoZdia SP. (156), C-tenodiseus erispatus (323),
Onuphis itideseens (60), Odontogena boreal<s (180),
Praxillella graeil<s (111), Pista cristata (129), Atinopsida
serrieata (176), Terebe22{des  stroemii (133), Heterophoxus
oeeulatus (287), Ne?eis zonata (43), Dentalium dalli (224),
MoZpadia intermedia  (338), Nephtys punctata (48),
Chuetoderma  robusta (147)

13

16

Autolytus  magnus (27), Axinopsida  viridis (177), Mysella
sp. (179), Cardiomya sp. (196), Hippomedon  SP. (269),
Neries sp. (40), Ampelisea maeroeephala  (251), Maldane sarsi
(103), Nieippe tumida (282), Ma2dane g2ebtfex (104)

Eteone Zonga (25), HaploseoZoplos  elongatus (72), Phloe
minuta (21), O-nuphis eonehylega  (58), Dtilonereis  filium
(70), Drilonereis faleata minor (71), Meldnna Elizabethan
(127), Nephtys Zongosetosa (49), BaZanus nub{lis (301),
TerebratuZina  erossei (318), Terebratalia  transversal (321),
Harmothoe imbr<eata (14), Propreomussum alaskense (164),
Astarte boreaZis (168), Balanus rostratus (302), Eunice valens
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TABLE IX

CONTINUED

Species
Group Species

16 (62), Balanus crenatus (300), Hem<thiris psittaeea
contd. (316), AmpWssa columbiana (212), Natiiea elausa (207),

Spioehaetopterus  costam (88), As-Larte alaskensis (169),
Astarte esquimalti (172), Typosyllis armilZatis (32),
Eusyllis bloomstrandi (33), Scalabregma  inflatum (95)

19 Ampharete acutif~ons (122), Neohela monstrosa (258),
Chaetozone setosa (91), Heteromastus filiformis (100),
Eudorellopsis integra (234), Leueon sp. (229), Spiophanes
eirrata (84), P~otomedeia  sp. (266), Harpinia kobjakovae
(285), Aglaophamus rubella anops (51), AxiotheZla rubro-
eineta (110), Thcwyx sp. (90), Macoma brota (187), Yo2dia
amydalea (157)
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TABLE X

SITE GROUP/SPECIES GROUP COINCIDENCE TABLE SHOWING AVERAGE CELL DENSITIES OF
GROUPS FORMED BY A CLUSTER ANALYSIS USING h TRANSFORMED DATA,

R/V DISCOVERER, MARCH 1976

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group

Site Group

Species Group
Group 6 Site 7* Site 39* TBG SBG Site 2*

(::)7 ““ (2) (1) (1) (2) (9) (1)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

(8)tt
(3)
(4)

(28)
(25)

(6)
(7)
(2)
(5)
(4)
(6)
(1)

( l o )
(11)

(7)
(26)

(5)
(3)

(14)
(13)

(4)
(2)
(1)
(3)
(2)
(5)
(1)

0.1
0.
0.9
1.0

10.8
2.7
0.0
0.2
0.3
0.6
0.0
0.5
0.2
0.0
0.0
0.2
0.2
0.8
2.0
0.7
0.5
0.1
0.2
0.3
0.6
0.1
0.

0 .
0 .
0 . 5
0 . 9
4 . 1
0 .
0 .
0 . 5
0.
0.
0.
0 .
0 . 9
0 .
0 .
0.1
0.
0.
0.1
0 . 3
0 .
0 .
1 . 0
0 .
0 . 5
7 . 8
0 .

0 .
o*
o .
0 . 4
5 . 0
1.3
0 .
0 .
0.
0.6
0 .
0 .
0 . 5
0 .
0 .
0.
3 . 0
0 .
0 .
0.
0.
0 .
0 .
0.
0 .
0 .
0 .

0 .
0 .
0 .
1.3
1.2
0.
0.
0.
0.
0.
0.
0.

21.7
0.6
0.
0.
0.
0.
0.2
0.
0.
0.
0.
0.
0.
0.
0.

0 .
0.
0.8

10.3
1 . 9
0 . 7
0 . 3
0 .
0 . 2
0 . 3
0 . 2
1 . 5
0 . 9
0 . 3
2.1
5 . 2
0 . 3
o*
0 . 3
0 .
0 .
0 .
0 .
0 .
0 .
0 . 5
0 .

1.0 0 0

0 . 7 0 .
2 . 0 0 . 5
4 . 2 0 . 8
4 . 5 1 . 4
0 . 2 0 . 7
0 . 5 0 .
0 . 1 . 0
0 . 9 0 .
0 . 3 0 . 5
0 . 4 0 .
1 . 8 0 .
0 . 7 0 . 4
0 . 5 0.
0 . 0 .
0 . 1 0 .
0 . 2 0 . 4
0 . 0 0

0.1 0 . 3
0 . 0 .
0 . 2 0 . 5
0 . 3 0 .
0 . 2 0 .
0 . o*
o . 0 .
0 . 1 0 .
0 . 14 .0

* Sites which did not join any site groups
f’ Number of sites in the group
f’f Number of species in the group
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TABLE XI

SITE GROUP/SPECIES GROUP COINCIDENCE TABLE SHOWING PERCENT CONSTANCY OF
THE SPECIES GROUP IN EACH SITE GROUP, R/V DISCOVERER, MARCH 1976

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group

Site Group

Group 4 Site 7* Site 39* TBG SBC Site 2*
Species Group (:)+ (2) (1) (1) (2) (9) (1)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

(8)tt’
(3)
(4)

(28)
(25)
(6)
(7)
(2)
(5)
(4)
(6)
(1)

(lo)
(11)

(7)
(26)

(5)
(3)

(14)
(3)
(4)
(2)
(1)
(3)
(2)
(5)
(1)

5 . 4
0 .

17 .9
9 . 4

64.4
16.7

2 . 0
9*5
7 . 6
7 . 1
1 . 6
9 . 5
7 . 6
1 . 3
1 . 4
3 . 7

10.5
17.5
15.6
12.7
14.3

4 . 8
9 . 5
9 . 5
4 . 8
3 . 8
0 .

0.
0.

25.0
14.3
42.0
0.
0.

25.0
0.
0.
0.
0.

15.0
0.
0.
3.8
0.
0.
3.7

16.7
0.
0.

50.0
0.

24.0
70.0
0.

0.
0.
0.
7.1

32.0
50.0
0.
0.
0.

25.0
0.
0.

20.0
0.
0.
0.

40.0
0.
o*
o.
0.
0.
0.
0.
0.
0.
0.

o*
o.
0.

10.7
28.0
0.
0.
0.
0.
0.
0.
0.

100.0
9.1
0.
0.
00

0.
7.1
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

25.0
69.6
36.0
33.3
21.4
0.

20.0
25.0
8.3

100.0
20.0
22.7
50.0
73.1
20.0
0.

10.7
0.
0.
0.
0.
0.
0.

10.0
0.

22.2
22.2
41.7
50.8
48.9
9.3

19.0
0.

13.3
13.9
16.7
22.2
13.3
19.2
0.
4.3
8.9
0.
4.8
0.
8.3

11.1
11.1
0.
0.
2.2
0.

0.
0.

25.0
17.9
28.0
16.7
0.

50.0
0.

25.0
0.
0.

10.0
0.
0.
0.

20.0
0.
7.1
0.

25.0
0.
0.
0.
0.
0.

100.0

* Sites which did not join any site groups
t Number of sites in the group
~t Number of species in the group
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TABLE XII

SITE GROUP/SPECIES GROUP COINCIDENCE TABLE SHOWING PERCENT FIDELITY OF THE
SPECIES GROUPS IN EACH SITE GROUP, R/VDilSCOVERIZR,  MARCH 1976

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group

Site Group

Group 4 Site 7* Site 39* TBG SBG Site 2*
Species Group (i!)t (2) (1) (1) (2) (9) (1)

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

(8)H
(3)
(4)

(28)
(25)
(6)
(7)
(2)
(5)
(4)
(6)
(1)

(10)
(11)
(7)

(26)
(5)
(3)

(14)
(3)
(4)
(2)
(1)
(3)
(2)
(5)
(1)

11.7
0.

19.0
5.2

37.2
48.9
4.9

11.3
21.7
25.8
5.2

12.7
0.9
1.7
1.9
3.3
5.6

100.0
66.7
68.7
44.6
22.2
13.5

100.0
53.3
1.3
0.

0 .
0.

10.7
4.9

14.2
0.
0.

29.6
0.
0.
0.
0.
3.6
0.
0.
1.4
0.
0.
2.4

31.3
0.
0.

70.8
0.

46.7
92.1
0.

0.
0.
0.
1.9

17.3
22.8
0.
o*
o.

27.1
0.
0.
2.0
0.
0.
0.

73.1
o*
o.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
6.9
4.1
0.
0.
0.
0.
0.
0.
0.

85.5
40.8
0.
0.
0.
0.
7.8
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.

16.0
54.7
6.6

12.2
34.2
0.

14.2
10.9
27.5
40.0
3.6

21.4
98.1
93.2
7*3
o.

10.6
0.
0.
0.
0.
0.
o*
5.9
0.

88.3
100.0
43.6
22.3
15.6
4.0

60.9
0.

64.1
14.5
67.2
47.4
2.9

36.0
0.
2.1
4.3
0.
3.1
0.

14.7
77.8
15.7
0.
0.
0.7
0.

0.
0.

10.7
4.2
5.0

12.2
0.

59.2
0.

21.7
0.
0.
1.6
0.
0.
0.
9.7
0.
9.4
0.

40.7
0.
0.
0.
0.
0.

100*O

* Sites which did not join any site groups
~ Number of sites in the group
W Number of species in the group

. .
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The fauna in the Inshore Group was composed primarily of Species Group 5

(Tables IX-XII). Sites 52 and 60 (Group 6) were distinguished from Inshore

Group sites by the absence of many of the species in Species Group 5.

Sites 2 and 7 also differed from the inshore group by the absence of many

of the species in Species Group 5. Site 39 was characterized by some of

the species in Species Group 5 and by Species Group 13. Shelf Break Groups

1 and 2 formed by a cluster analysis of untransformed data also merged

to form a single group, the Shelf Break Group, (Table IV; Figs. 9 and 10)

when 2n transformed data were used. The Shelf Break Group sites were

characterized by Species Groups 4 and 5 (Table IX-XII). Sites 56 and 57

(Tarr Bank Group) were characterized by Species Groups 4, 5 and 16 (Table

IX-XII).

The results of principal coordinate analysis of transformed abundance

data using the Czekanowski coefficient is shown in Figure 11. The Shelf

Break Group sites form a fairly tight grouping on plots of the first and

second and first and third axes. Sites 56 and 57 (Tarr Bank Group) were

closely associated with the Shelf Break Group sites. Inshore Group sites

formed a rather loose grouping on all plots. Sites 52 and 60 (Site Group 6)

were intermingled with the Inshore Group sites and Sites 7 and 39 were con-

tiguous with the Inshcare Group sites. Sites 53 and 54, classified as members

of the Inshore Group sites by cluster analysis of transformed abundance data,

were always closely associated with each other but exhibited considerable

separation from all other sites in the Inshore Group on the third coordi-
.

nate axis (Figs. llb and c). Sites 53 and 54 differed from the inshore

group sites by the presence of species in Species Groups 3 and 19 (Tables IX

and X). Site 43, also classified as a member of the inshore group by

cluster analysis of transformed data , appeared to have some affinities

with the Shelf Break sites (Fig. 11).

The Inshore Group sites formed tight groupings on plots generated by

a Principal coordinate analysis of transformed abundance data using the

Canberra metric similarity coefficient (Fig. 12). Sites 52 and 60 (Site

Group 6) as well as Sites 2, 7 and 39 were closely associated with the

Inshore Group sites on all plots. Site 43 again appeared to have some

text continued from page 47.
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affinities to the Shelf Break Group sites. Sites 56 and 57 (Tarr Bank

Group) showed considerable separation from all other sites on the first

and second coordinate axes.

Numerical Analys<s: Presenee-Absenee  Datia

A cluster analysis was run using presence-absence data so that the

similarity between the sites which were not sampled quantitatively and all

other sites could be determined (Figs. 13 and 14). Sites 59, 30 and 29

(qualitative sites) were quite distinct from all other sites; they did not

join the other sites until the 28, 18 and 1% similarity levels, respectively,

were reached (Fig. 13). Because differences in the abundance of the species

are not considered by this analysis, Sites 56 and 57 joined the Shelf Break

Group and Sites 7 and 39 fused to form a site group (Site Group 8; Fig. 13).

Abundance, Biomass and Diversity

Abundance, biomass and diversity data arranged according to site

groups delineated by cluster analysis of untransformed abundance data are

presented in Table XIII. Abundance ranged from 118 individuals/m2 in

Site 5 (Inshore Group 1) to 1,038 individuals/m2 in Site 53. Biomass values

ranged from 7.37 g (wet weight)/m2  in Site 68 to 638.17 g/m2 in Site 56.

There was no correlation between the abundance (number/m2)  and biomass of

the fauna in the sampling sites (P>O.05). The Brillouin diversity ranged

from 3.87 in Site 56 (Group 7) to 2,12 at Site 68 (Inshore Group 2) while

the Brillouin evenness ranged from 0.66 at Sites 54 and 63 (Group 5) to

0.94 at Site 33 (Shelf Break Group 2).

A nested ANOVA was run comparing the variance associated with the

abundance, biomass and diversity of the fauna between site groups, be-

tween sites within site groups and between samples (grabs) within sites

(Tables XIV-X1X). For purposes of this analysis diversity indices were

calculated for each grab instead of the pooled data for each site. There

was a significant difference (P<O.05) between sites within site groups for

Simpson and Brillouin diversity measures and the abundance and biomass of

the fauna. There was no significant difference between sites within groups

for Brillouin evenness. There was also a significant difference (P<O.05)

text continued on page 71.
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TABLE XIII

ABUNDANCE, BIOMASS, AND DIVERSITY OF BENTHIC SAMPLING SITES

Sites are arranged according to the site groups delineated by a cluster analysis of untransformed abundance data

Abundance Biomass No. of S imp son Shannon Brillouin Species
Site Number (#/m2) (9/2) Species Diversity Diversity Diversity Evenness Richness

Inshore Group 1

1
3
4
5
7

26
32
50
51

4 55
w 61

Inshore Group 2

28
31
40
41
42
40
52
60
68

Shelf Break Group 1

6
43
44
48
58
69

204
286
186
118
215
370
280
232
254
290
540

922
528
382
584
296
290
362
198
242

492
670
372
288
590
645

157.59
218.80
199.30
108.94
41.47
65.84
48.00

352.17
73.23

138.41
502.41

50.55
169.56
38.84
56.74
80.78
60.95

156.31
10.28
7.37

48.87
40.84
47.41
42.63
39.30
69.17

32
34
25
23
31
47
36
34
30
34
38—

64
46
43
43
38
40
40
24
27—

95
56
70
60
58
72

0.07
0.07
0.08
0.10
0.11
0.05
0.04
0.06
0.06
0.09
0.05

0.09
0.07
0.08
0.14
0.06
0.06
0.15
0.11
0.20

0.03
0.06
0.04
0.04
0.07
0.06

3.00
2.98
2.76
2.70
2.82
3.35
3.31
3.12
3.01
2.84
3.27

2.98
3.06
3.04
2.64
‘3. 10
3.10
2.69
2.55
2.27

4.06
3.22
3.77
3.67
3.31
3.48

2.76
2.79
2.53
2.42
2.60
3.13
3.11
2.88
2.81
2.65
3.13

2.88
2.92
2.86
2.51
2.88
2.88
2.51
2.37
2.12

3.78
3.09
3.48
3.36
3.15
3.29

0.86
0.85
0.85
0.86
0.82
0.87
0.93
0.88
0.89
0.81
0.90

0.71
0.80
0.81
0.70
0.85
0.85
0.72
0.80
0.68

0.89
0.80
0.88
0.90
0.82
0.81

5.83
6.98
4.59
4.61
5.59
7.78
6.21
6.06
5.24
5.82
5.88

9.23
7.18
7.06
6.59
6.50
6.50
6.62
4.35
4.92

15.17
8.45

11.66
10.42
8.93

10.97



TABLE XIII

CONTINUED

Abundance Biomass No. of Simpson Shannon Brillouin Species
Site number (#/m2) (gin/2) Species Diversity Diversity Diversity Evenness Richness

Shelf Break Group 2

25
27
33
62

274
370
260
294

29.81
65.84
65.19
29.84

55
33
70
68

0.04
0.06
0.02
0.03

3.62
3.14
3.99
3.89

3.32
2.79
3.59
3.55

0.90
0.90
0.94 -

0.92

9.62
5.75

12.41
11.79

Site Group 5

54
63

896
580

246.34
45.92

57
43

0.20
0.20

2.66
2.49

2.53
2.37

0.66
0.66

8.24
6.60

Tarr Bank Group
4
w 56

57
920
462

638.17
244.92

115
119

0.03
0.03

4.07
4.06

3.87
3.73

0.85
0.85

16.70
19.40

Site 2 174 34.23 37 0.07 3.14 2.83 0.87 6.98

Site 39 320 15.86 28 0.11 2.71 2.56 0.81 4.68

Site 53 1038 440.23 70 0.08 3.21 3.09 0.76 9.95



TABLE XIV

NESTED ANALYSIS OF
THE SITE GROUPS

A. ANOVA Table

VARIANCE ,
FORMED BY

ABUNDANCE DATA (#/m2). SITE GROUPS REFER
CLUSTER ANALYSIS OF UNTRANSFORMED DATA.

TO

Ss DF MS F

Between site groups 5039343.0 8 629917.9 2.66 (NS)t

Between sites within groups 6091932.8 27 225627.1 12.11*

Within sites 2609021.0 140 18635.9

B. Variance Components

Variance component Percent

Between site groups 21922.7 26.26

Between sites within groups 42913.5 51.41

Within sites 18635.9 22.33

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Verticle bar indicates the range of non-significant differences.

Site Groups~i N Mean Std. deviation

Site 2 5 174.0 175.6

SBG 2 20 180.7 112.7

IG 1 51 255.7 156.0

Site 39 3 320.0 130.0

IG 2 40 406.0 274.8

SBG 1 27 428.7 215.3

G 5 (Sites 54 and 63) 10 506.0 422.0

TBG 15 614.7 292.7

Site 53 5 1038.0 183.1

* P < 0.01
+ Not significant
~~ IG=Inshore  Group; SG=Site Group; SBG=Shelf Break Group, TBG=Tarr Bank Group
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TABLE XV

NESTED ANALYSIS OF VARIANCE, “B1OMASS DATA
SITE GROUPS REFER TO THE SITE GROUPS FORMED

OF UNTRANSFORMED DATA.

A. ANOVA Table

(wET WEIGHT/m2 ) .
BY CLUSTER ANALYSIS

Ss DF MS F

Between site groups 2078683.3 8 259835.4 4.80*

Between sites within groups 1424854.5 27. 52772.4 2.02*

Within sites 3655931.6 140 26113.8

B. Variance Components

Variance component Percent

Between site groups 11462.2 26.59

Between sites within groups 5526.9 12.82

Within sites 26113.8 60.59

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Vertical bar indicates the range of non-significant differences.

Site Groups? N Mean Std. Deviation

Site 39 3 15.9 9.0

Site 2 5 34.2 46.6

SBG 1 27 40.2 37*9

SBG 2 20 41.3 66.8

IG 2 40 58.6 67.6

G 5 (Sites 54 and 63) 10 127.8 269.4

IG 1 51 156.5 232.2

TBG 15 376.0 312.5

Site 53 5 440.2 116.7

* p < 0.05
t IG=Inshore Group, SG=Site Group, SBG=Shelf Break Group, TBG=Tarr Bank Group
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TABLE XVI

NESTED ANALYSIS OF VARIANCE, BRILLOUIN DIVERSITY. SITE GROUPS
REFER TO THE SITE GROUPS FORMED BY CLUSTER ANALYSIS OF

UNTRANSFORMED DATA.

A. ANOVA Table

Ss DF MS F

Between site groups 5.69 8 .711 4.11*

Between sites within groups 4.67 27 .173
26.2 .178 3.63*

Within sites 6.81 140 .049

B. Variance Components

Variance component Percent

Between site groups 0.012 28.44

Between sites within groups o ● 011 24.78

Within sites 0.021 46.78

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Vertical bars indicate the range of non-significant differences.

Site Groups~ N Mean Std. Deviation

Site 2 5 1.38

Site 3 9 3 1.89

IG 2 40 1.89

IG 1 51 1.98

G 5 (Sites 54 and 63) 10 1.98

SBG 2 20 2.16

SBG 1 27 2.46

Site 53 5 2.58

TBG 15 2.60

* P < 0.05
* IG=Inshore  Group, SG=Site Group, SBG=Shelf Break

.92

.21

.39

.41

.23

.37

.32

.14

.46

Group, TGB=Tarr Bank Group
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NESTED ANALYSIS OF
THE SITE GROUPS

A. ANOVA Table

TABLE XVII

VARIANCE, BRILLOUIN  EVENNESS. SITE GROUPS REFER TO
FORMED BY CLUSTER ANALYSIS OF UNTRANSFORMED DATA.

Ss DF MS F

Between site groups 0.701 8 0.0870 11.51*

Between sites within groups 0.201 27. 0.0076 0.98(NS)t
24.3 0.0076

Within sites 1.08 140 0.0077

B. Variance Components

Variance component Percent

Between site groups 0.0044 36.6252

Between sites within groups -0.0000 -0.2042

Within sites 0.0077 63.5790

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Vertical bars indicate the range of non-significant differences.

Site Groups?t N Mean Std. Deviation

G 5 (sites 54 & 63) 10 0.72 0.05

Site 2 5 0.74 0.42

Site 53 5 0.80 0.04

IG 2 40 0.83 0.08

Site 39 3 0.84 0.11

SBG 1 27 0.90 0.06

IG 1 51 0.92 0.05

TBG 15 0.93 0.04

SBG 2 20 0.95 0.04

* P < 0.01
T Not significant
~+ IG=Inshore  Group, SG=Site Group, SBG=Shelf  Break Group, TBG=Tarr Bank Group
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TABLE XVIII

NESTED ANALYSIS OF VARIANCE, SPECIES RICHNESS.
THE SITE GROUPS FORMED BY CLUSTER ANALYSIS OF

A. ANOVA Table

SITE GROUPS REFER TO
UNTRANSFORMED DATA.

Ss DF MS F

Between site groups 254.21 8 31.78 9.41*

Between sites within groups 91.27 28 3.26 3.40*
27.2 3.38

Within sites 138.18 144 0.96

B. Variance Components

Variance Component Percent

Between site groups 1.54 51.83

Between sites within groups 0.48 15.98

Within sites 0.96 32.19

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Vertical bars indicate the range of non-significant differences.

Site groupstt N Mean Std. Deviation

Site 2 5 2.3 1.6

Site 39 3 2.4 0.4

IG 2 45 3.2 1.0

IG 1 51 3.2 1 . 0

G 5 (Sites 54 and 63) 10 3.9 0.9

SBG 2 20 4.0 1.3

SBG 1 27 4.9 1.3

Site 53 5 6.0 0.6

TBG 15 7.0 1.6

* P < 0.01
~t’ IG=Inshore Group, SG=Site  Group, SBG=Shelf Break Group, TBG=Tarr Bank Group
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TABLE XIX

NESTED ANALYSIS OF VARIANCE, SIMPSON DIVERSITY. SITE GROUPS REFER TO
SITE GROUPS FORMED BY CLUSTER ANALYSIS OF UNTRANSFORMED DATA.

A. ANOVA Table

Ss DF MS F

Between site groups 0.28 7 0.0403 6. 00**

Between sites within groups 0.18 27.0 0.0066 1. 813;
25.5 0.0067

Within sites 0.49 136 0.0036

B. Variance Components

Variance Component Percent

Between site groups 0.0017 28.74

Between sites within groups 0.0006 10.23

Within sites 0.0036 61.02

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Bars indicate the range of non-significant differences.

Site Groups~~ N Mean Std. Deviation

TBG

SBG 2

SBG 1

IG 1

Site 53

IG 2

Site 39

G 5 (Sites 54 and 63)

Site 2

15

20

27

51

5

40

3

10

5

0.05

0.07

0.09

0.11

0.11

0.15

0.16

0.21

0.30

0.03

0.04

0.05

0.08

0.03

0.07

0.07

0.06

0.40

* P < 0.05
** P < 0.01
W IG=Inshore Group, G=Site Group, SBG=Shelf Break Group, TBG=Tarr Bank Group.
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between site groups for all parameters tested except abundance. However,

a Student-Newman-Keuls multiple range test comparing means of all para-

meters discussed indicated that only the most widely separated site group

means were significantly different (P<O.05;  Tables XIV-XIX). In all cases,

except abundance data, the greatest percentage of the total variance was due

to the within site (between grab) variation, and the percentage of the total

variance attributed to differences between site groups was greater than

that attributed to differences between sites within site groups (Tables

XIV-XIX). For abundance data the greatest amount of variation was attri-

buted to differences between sites within site groups. An examination of

the two-way coincidence tables generated by cluster analysis (Tables VI,

VII, VIII, X, XI and XII) indicates that there was an increase in diversity

and species richness from the Inshore Groups to the Shelf Break Group to

Sites 56 and 57. This increase was also apparent in the means listed in

Tables XVI and XVIII. However, a Student-Newman-Keuls test indicated

that these means were not significantly different from each other. Any

actual difference in means appears to have been masked by the high within

site variance (Tables XVI and XVIII).

Trophie Struetuxe

The trophic structure of site groups formed by cluster analysis of un-

transformed and transformed abundance data is shown in Table XX. Deposit

feeders dominated the fauna in the Inshore Groups, Shelf Break Group 2

(Cluster Analysis: Untransformed Data), and Site Groups 5 (Cluster Analy-

sis: Untransformed Data) and 6 (Cluster Analysis: Zn Transformed Data).

The abundance of suspension feeders varied from 5 to 26% in these groups.

In the Shelf Break Group (Cluster Analysis: Zn Transformed Data) and Shelf

Break Group 1 (Cluster Analysis: Untransformed Data) the percentage of

deposit feeders was reduced and the percentage of suspension feeders in-

creased (Table XX). The fauna in the Tarr Bank Group (Sites 56 and 57)

was dominated by suspension feeders while the percentage of deposit feeders

was reduced to 25%.

text continued from page 60.
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TABLE XX

OJ
o

DISTRIBUTION OF MOTILITY AND FEEDING CLASSES IN SITE GROUPS FORMED BY CLUSTER
ANALYSIS OF UNTRANSFORMED AND TRANSFORMED DATA

SE=Sessile,  DM=Discretely  Motile, M=Motile, DF=Deposit  Feeder, SF=Suspension Feeder,
P=Predator, S=Scavenger, O=Other, U=Unknown

Motility Class (%) Feeding Class (%)

SE DM M DF SF P s o u

Inshore Group 1 (Untrans.) 33
Inshore Group 2 (Untrans.) 31
Inshore Group (Trans.)
Site Group 5 (Untrans.) 12
Site Group 5 (Trans.) 7
Site Group 6 (Trans.) 30
Shelf Break Group 1 (Untrans.) 47
Shelf Break Group 2 (Untrans.) 42
Shelf Break Group (Trans.) 47
Tarr Bank Group (Trans. & Untrans.)53
Site 2* 52
Site 29* 25
Site 30* 68
Site 39* 43
Site 59* 32
Site 70* 20

6
9

3
3
7
9

13
7

12
11
0
3

12
21
10

61
59

85
90
63
44
45
46
35
37
75
29
45
47
70

63
62

63
65
57
40
59
48
25
58
11
55
62
65
75

23
26

5
6

17
42
17
31
55
29
31
36
18
21
6

10
8

26
17
9

11
10
11
8

11
11
9

16
15
15

2
3

7
12
2
6

15
11
13
2

46
1
5
0
1

2
1

0
0
6
1
0
0
0
0
0
0
0
0
1

0
0

0
0
8
0
0
0
0
0
0
0
0
0
3

* Sites which did not join any site groups.



The percentage of sessile organisms which was relatively low in the

Inshore Group(s) and Site Groups 5 and 6, increased through the Shelf

Break Group to the high values found in the Tarr Bank Group (Table X.X).

The increase in the percentage of sessile organisms from the low values

found in the Inshore Group to the high values found in the Tarr Bank Group

parallels the distribution of suspension feeders in these site groups.

Numerical Analysis: Combined Data; July 1974-March 1976

A cluster analysis was performed on all quantitative data collected

in NEGOA during the 20 month sampling period of this study (July 1974-March

1976) . Quantitative samples were obtained from 108 stationsl  taken at 38

sites; at 3 sites quantitative data were not obtained (Table I). Six of

the quantitative sites were sampled once, five were sampled twice, nineteen

were sampled three times, five were sampled on four occasions and three

were sampled five times (Table I). A normal cluster analysis using Zn

transformed abundance data delineated 10 site groups at the 30% similarity

level (Figs. 15 and 16). Three of these groups (labeled Site Group 39,

Site Group 42 and Site Group 53; Table XXI, Fig. 15) were composed of 2 or

3 stations taken at the same site on different occasions which were linked

together to form a site group (Table XXI). The largest group formed, the

Inshore Group, consisted of 57 stations at 22 sites (Table XXI) located

throughout the continental shelf in NEGOA (Fig. 16). The Shelf Break

Group was composed of 18 stations occupied at 9 sites (Table XXI) at or

near the shelf break (Fig. 16). Site Group 4 included Sites 44, 48 and 69

located near the shelf break as well as Sites 43 and 58 on the continental

shelf (Fig. 16). Other groups consisted of Sites 53 and 54 (Hinchinbrook

Entrance Group) in Hinchinbrook Entrance, Sites 7 and 59 (Site Group 5),

Sites 52 and 60 (Site Group 6) and Sites 56 and 57 (Tarr Bank Group)

located on Tarr Bank (Table XX; Fig. 15). One station each, occupied at

Site 1, at Site 2 and at Site 57 did not join any site group (Table XX).

lFor the purposes of this study a station was occupied every time a site
(location) was sampled. Stations are identified by the site number and
the season during which they were sampled (i.e., S76-l=Spring 1976, Sta. 1).
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15. Dendrogram produced by a cluster analysis of all data collected
during this study. The Czekanowski coefficient was used to
create similarity matrices from Zn transformed abundance data.
Stations are coded as follows: F75=Fall of “1975, W=Winter,
S=Spring, Su=Summer.
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TABLE XXI

SITE GROUPS FORMED BY A CLUSTER ANALYSIS OF ALL QUANTITATIVELY SAMPLED
STATIONS (JULY 1974-wRcH 1976)

Station Codes are Translated as Follows: F75-40 = Station Occupied
During the Fall of 1975 at Site 40; W = Winter, S = Spring,

Su = Summer, F = Fall

Inshore Group

F75-1
S76-1
S75-2
F75-2

SU74-3
F75-3
S76-3
S75-4
F75-4
S76-4
S75-5
F75-5
S76-5

Site Group 42

S75-25
S75-26
S76-26
S75-28
F75-28
S76-28
F7 5-31
W75-31
S76-31

SU74-32
F75-32
S76-32
F75-40

S75-42 F75-42

Hinchinbrook Entrance Group

F74-53 F75-54
F75-53 W75-54
S76-53 S76-54

Site Group 6

S76-52 S76-60

Tarr Bank Group

F75-56 F75-57
W75-56 S76-57
S76-56

Site Group 4

F75-43 F75-58
S76-43 W75-58
S76-44 S76-58
S76-48 S76-69

84

s76-40
S74-41
S75-41
F75-41
W75-41

SU74-42
F75-49
W75-49
S76-49

SU74-50
F74-50
S75-50
F75-50

s76-42

F75-51
W75-51
S76-51

SU74-52
F74-52
S75-52
F75-52

SU74-55
F75-55
W75-55
S76-55
S76-61
S76-63



Shelf Break Group

SU74-6
F75-6
S76-6
F75-25
S76-25

SU74-26

Site Group 39

F75-39

Site Group 5

S76-7

Site 57

W75-57

Site Group 53

S75-53

Site 1

F74-1

F75-26
S75-27
F75-27
S76-27
F75-33
S76-33

S76-39

F75-59

W75-53

TABLE XXI

CONTINUED

SU74-44
F75-44
SU74-48
F75-48
F74-57
S76-62

Site 2

S76-2
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An inverse cluster analysis of data collected from July 1974 to

March 1976 yielded 53 species groups at the 25% similarity level (Table

XXII) . A two-way coincidence table comparing site groups and species

groups is presented in Appendix V, Table III and reduced two-way tables

of average cell density, constancy and fidelity are presented in Tables

XXIII, XXIV and XXV. A summary of the major species groups identified by

the two-way tables (Appendix V, Table 111; text Tables XXIII, XXIV and XXV)

is presented in Figure 17 and outlined below (refer to Appendix V, Table

III; text Tables XXIII, XXIV and XXV; Fig. 17):

Species Group 9. The species in this group were most abundant in the
Hinchinbrook Entrance Group (Sites 53 and 54).

Species Group 14. These species were most abundant in the Tarr Bank Group
(Sites 56 and 57) and Site 57.

Species Group 20. These species were most abundant in the Tarr Bank Group
(Sites 56 and 57) and in the Shelf Break Group.

Species Group 21. These species were most abundant in the Shelf Break Group,
Tarr Bank Group (Sites 56 and 57) and Site Group 4 (Sites 43, 44, 48,
58 and 69).

Species Group 22. These species were most abundant in Site Group 39.

Species Group 23. These species were most abundant in Site Group 5
(Sites 7 and 59), the Inshore Group and Site Group 4.

Species Group 24. These species were most abundant in the Hinchinbrook
Entrance Group (Sites 53 and 54).

Species Group 25. This group of 19 species was present in all site groups
except Site 1. These species were most abundant in Site Group 7
(Sites 56 and 57) and Site Group 4 (Sites 43, 44, 48, 58 and 69).

Species Group 26. This large group of predominantly deposit feeding species
was present in all site groups and was most abundant in the Hinchinbrook
Entrance Group (Sites 53 and 54) and Site Group 4 (Sites 43, 44, 48, 58
and 69).

From an examination of the two-way coincidence tables (Appendix V,

Table 111; text Tables XXII-XXIV) the species groups which characterized

and differentiated the various site groups were identified (distribution

maps of numerically abundant species are presented in Appendix IV). The

Inshore Group and Site Group 42 (Table XXI; Fig. 14) were both character-

ized by the presence of species in Species Group 26. Members of Species

text continued on page 89.
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TABLE XXII

SPECIES GROUPS FORMED BY INVERSE CLUSTER ANALYSIS OF ABUNDANCE DATA.
FEEDING CLASS, MOTILITY CLASS CODES AND IDENTIFICATION NUMBERS FOR
CROSS REFERENCE TO TABLE II FOR EACH SPECIES ARE IN PARENTHESES

DF = Deposit Feeder, SF = Suspension Feeder, P = Predator,
S = Scavenger, U = Unknown, O = Other, M = Motile, SE = Sedentary,

DM = Discretely Motile

Species
Group Species

1 Mytilus edulis (159; SF, SE), Ophiocantha eataleimoiok (332;
DF, M), A@stobranchus sp. (77; DF, DM), Spirorbis sp. (145;
SF, SE), Lima hyperborea  (166; SF, SE), Amph.ictene  au~icoma
(117; DF, M), Melinna elisabethae (127; DF, SE), Ampe2isca sp.
(250; SF, DM)

2 Balanus c~enatus (300; SF, SE), Hemithi~is  psititacea  (316; SF,
SE), Balanus nubi~is (301; SF, SE), DriZ@ne~eis  filizuri (70;
DF, M), Astarte borealis (168; SF, DM), Balanus rostratus (303;
SF, SE), TyposyZlis armi~~a?is (32; P, M), Propeamrussium
alaskense (164; SF, SE), TerebrataZia  kpansvepsa (322; SF, SE)

3 Astarte alaskensis  (169; SF, DM), Astarte esquimaulti (172;
SF, DM), CyeZoeardia sp. (173; SF, SE), Oph.iophoZis  aeuleata
(334; SF, M), Trichobranehus g_ZaeiaZis (134; DF, SE), Cardi-
omya planetiea (198; P, S, DF?, SE)

HiateZla aretiea (190; SF, SE), Paraphoxus simplex (290; SF,
M), Clinocardium fucanm (183; SF, M?), Lamprops fuscata (287;
DF/S, M), Lepeta eaeca (201; SF, M), BybZis cwassieornis (254;
SF, DM)

Pista faseiata (130; DF, SE), Goniada maeuzata (56; DF/P, M)

Proclea emk (132; DF, SE), Aeanthonatozoma  infhtum (249; U;
M), Mega20ma sp2endidu (139; SF, SE), Eteone longs (25; P, M),
SeaZibregma inflatum (95; DF, M), Gattyana t~eadwelli (12; S,
M), Chone infundibulifomis (137; SF, DM), Harpinia sp. (283;
SF, M), Eriethonius hunte?i (257; SF?, DM), Mieroporina boreaZis
(314; SF, SE), Hyssura sp. (247; U, SE), Caprella  st~iata (297;
SIP, M), Ampharete aeutifrons (122; DF, SE), Langerhausia
eornuta (36; P, M), Astarte montagui (170; SF, DM), Daerydium
sp. (162; SF, SE), EusylZis  bZomstrandi (33; P, M)

Pandora grandis (193; SF, SE), Pinnixa oceidentalis (306; O,
M], Hesperonoe complanatu (17; S, M]
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TABLE XXII

CONTINUED

Species
Group Species

8

9

10

11

12

13

14

15

16

17

18

19

Rhodine bitorquata (113; DF, SE), Maeoma cakarea (186; DF, SE),
Pholoe minuta (21; S, M)

Heteromastus fil$formis (100; DF, M), Eudore120psis  int.eg~a
(235; DF/S, M), Yo2d-iaamyg&zZea (157; DF, M), HapZoseoZopZos
ezongatus (72; DF, M)

MageZona japoniea (85; DF, DM)

Spiophanes bombzjx (82; DF, DM), BybZis sp. (253; SF, DM)

Onuphis eonehyZega (58; DF, M), Cwe~gera ~r~eguzaris (143;
SF, SE)

Cistenides brevicoma  (118; DF, M), Cucumaria  caze~ge~a  (339;
DF, SE), CaZathura branch.iata (243; DF/S, M)

Eunoe depressa  (8; S, M), PriapuZus can.d.crtus (313; P, M),
Yatiiea elausa (207; P, M), Monoeulodes diamensus (280; DF/S,
M), Metopa ak!eri (295; SF, M), DiastyZ<s bidentata (236;
DF/S, M), .Amphissa eoZumbianu (211; P, M), Paraphoxus robustus
(289; SF, M), Nephtys eaeea (46; P/DF, M)

CZinoea~dium eiZiatzun  (182; SF, M?), Oenopota sp. (217; P,
M)

CyZiehna aZba (222; P, M), Maera Zoveni (260; SF, M), MeZita
dentata (262; DF, M), Maera dunae (2590; SF, M), Lepidonotus
squamatus (16; S, M), Onupk% parva (61; DF, S/DM), MonoeuZodes
sp. (279; DF/S, M), Chone SP. (135; SF, DM), Anonyx nugox
(260; S, M), Mak?ane sp. (102; DF, SE), praxiz~ezbaff<nis
(112 ; DF, SE)

Pol.iniees  paZZidus (210; P, M), PhoxocepkaZus hanziZ{s (292;
SF, M)

A@eis zonuta (43; SF, DM), Pa.raonis @?aciZds (76; DF, M)

Laon.ice ei~rata  (79; DF, DM), D&zmph<odia  eraterodneta  (327;
DF, M)
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21

20 Eunice kobiensis (63; DF, M), Terebratulina erossei (318; SF,
SE), Harmobhoe imbrieata (14; S, M), Tereb~atulina  unquieu~a
(317; SF, SE), Laqueus ealifornianus (320; SF, SE), Astiarte
Sp. (167; SF, DM), Peisidiee aspera (20; S, M), GoZfingia
margaritaeea  (310; DF, SE)

flotop~octus paeificus (109; DF, SE), A~icidea sueeica (74; DF,
M), Haxpiniopsis sanpedroensis (286; SF, M), Iselnzochiton
albus (148; S, M), Clav@ora oceidentalis (315; SF, SE),
Delec+opeeten randolphi (165; SF, SE), @one gracilis  (136; SF,
DM), Euehone anulis (138; SF, DM), benia fusiformis (114; SF,
DM), PseudopotamilZa reniformis  (141; SF, SE), Anonyx sp. (266;
S, M), Idantlujrsus armatus (116; SF, SE), GoZfingia  vulgaxis
(311; DF, SE), Typosyllis altem.ata (31; P, M), Ampe_lisca

22

23

24

25

26

bimlai

Ma_klane
Nieippe

Cadulus

(253; SF, DM), HapZoops  tubicu2a (256; SF, DM)

sarsi (103; DF, SE), MaZdane gZebifex (104; DF, SE),
tumida (282; SF, M)

Sp. (225; DF, P, M), ll~isaster  _to#nsendi (324; DF/S, M)

Spiochaetopterus  sp. (87; SF, SE), Capitella capitata (99;
DF, M)

Drilonereis fah?atu minor (71; DF, M), Metopa sp. (294; SF, M),
Byblis gaimardi (255; SF, DM), Ampelisca maeroeephala (251;
SF, DM), Amphaxete axctica (121; DF, SE), Dias$ylis sp. (236;
DF/S, M), Leucon sp. (229; DF/S, M), Heterophoxus oeculatus
(287; SF, M), Lumbrineris zonata (67; DF/P, M), Asychis similis
(101; DF, SE), C’rene2k decussata (160; SF, SE), Astarte polaris
(171; SF, DM), Cyeloeardia  ventrieosa  (174; SF, SE), Urothoe
dentieuZatzz (263; SF, M), Ninoe gemmea (68; DF, M), Yoldia
secundh (158; DF, M), Cadulus stearnsi (226; DFfP, M),
CaduZus tolmei (227; DF/P, M), Cycloeardia erebricostata  (175;
SF, SE)

Dentalim dalli (224; DF]P, M), Molpadia intermedia (338; DF,
SE), Terebellides stroemi (133; DF, SE), Nueulana fossa (153;
DF, M), NueuZa tenuis (151; DF, M), Psephidia lo~di (184; SF,
S/DM?), Myriochele keeri (115; DF, SE), Ophiuxa sarsi (336;
DF/P, M), Axinopsida serrieata (176; SF/DF?, SE), Nephtys
punetata (49; DF/P, M), Eudorella emarginata (233; DF/S, M),
Chaetoderma robusta (147; DFfP, M), Onuphis i~idescens  (60;
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26
cent ‘d.

27

28

29

30

31

32

33

34

35

DF, S/DM), Stawasp{s seutatia (98; DF, M), Gon&zcl.a annulata
(55; DF/p, M), Ctenodiscus e?ispatuz (322; DF, M), Pr&Zlella
g~ae{l$s (111; DF, SE), Thyasira fkcuosa (178; SF/DF?, SE),
GZycera eapitata (52; DF/P, M), Lumbrineris similabris (66;
DF/P, M), Thmyx SP. (90; DF, S/DM), llez~nna eristata  (126; DF,
SE), Spiophanes kwoyer< (83; DF, DM), Pista e~istata (129; DF,
SE), Un<opZus rnaerasp<s (331; DF, M), Daerydium viti~eum (163;
SF, SE), Odontogena  borealis (180; SF/DF?, SE?), Yoldia SP.
(156; DF, M), Caxd<omya  peetinatia  (197; P/S/DF?, SE)

Pherusa styZarioides  papiZlatia (93; DF, DM), Pherusa sty_la~io-
ides phmosa (94; DF, DM), Amage ani?ps (119; DF, SE),
Trophonopsis Zasius (211; P, M), Poliniees sp. (208; P, M),
C’an?pylaspis sp. (241; DF/S, M)

Eudore22a sp. (232; DF/S, M), Lepidepereum sp. (272; S/DF?, M),
Lysippe hbiata (125; DF, SE), Chitinopoma  groenla.ndiea  (142;
SF, SE), fda~dane~b ~obusta (105; DF, SE), Nephtys eiliata (45;
DF/P, M)

Amphicteis mac~onata (124; DF, SE), Me2ita sp. (262; DF/S, M),
Brada vil~osa (92; DF, DM), Areteobea sp{nezytris (7; S, M),
Hippomedon sp. (269; S/DF?, M)

Artaeama c?onifera (131; DF, DM)

SuavoclriZla willetti (216; P, M), Anonyx ochotiieus (267; S, M),
PoZiniees nanus (209; P, M), Rocine2a be2Zieeps (244; S/DF, M),
Tackyrynehus retieuzatus (205; S/P, M)

Pandora biZirata (192; SF, SE), Cardiomya  oldroydi (199; P/S/DF?,
SE), StheneZais fuses (22; S, M), Stegophiura sp. (337; U, M)

fle~eis procera (42; DF/P/S, M), DiastyZis paraspinuZosa  (238;
DF/S, M), SuavadriZZa sp. (215; P, M), Nereis pezagica (41;
DF/P/S, M)

NephtyGqornuta (47; DF/P, M), TurboniZZa SP. (220; O, M),
Maeorna mobsta aZaikana (188; DF, SE), Pando~a fiZosa (191; SF,
SE), Retusa obtusa (221; P, M), Eudo~eZZa  paeifica (234; DF/S,
M), Odostomia sp. (218; O, M)

N’eoheZa monst~osa (258; SF?, DM), Protomedeia  sp, (265; DF,
M), AxiotheZZa mbroc~ncta (110; DF, SE), Macoma brota (187;
DF, SE), Aglaophanzus &eZZa anops (51; DF/P, M)
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36

37

38

39

40

41

42

43

44

45

46

47

48

49

50

Ph.otis e.f. P. reinha~di (264; DF, M), Ozdiomene sp. (275; S,
M), Anaitides maeulata (23; P/DF, M), C7zzn50zone setosa (91;
DF, DM), Oph.iodromus pugettensis (26; DF/S, M), Haxpinia
kobjakovae (285; SF, M)

Eaplosyllh spongho~a (37; P, M), Haneleya sp. (150; S, M),
S322<s sclerolema (29; P, M)

Aplzrodita  parva (146; DF, M), Syrrh.oe crenulata  (296; SF, M)

Diamphiodia periercta (328; DF, M), Psolus sp. (340; DF, SE),
Sea2pelhm eohunbiana  (299; SF, SE)

Travisia pupa (97; DF, M), Puneturella cooperi (200;” S, M)

Neph.tys ferruginea (50; DF/P, M), NueuZana  minuta (154; DF, M),
CauZZeriella  spa (89; DF, DM), Harpinia emeryi  (284; SF, M)

Ophiopenia disaeantha (334; DF, M)

Ophiura sp. (335; DF/P, M)

MyselZa sp. (179; SF/DF?, SE?), Cmdiomya sp. (196; P/S/DF?,
SE), Axinopsida  viridis (177; SF/DF?, SE)

MitreZZa gouZdi (214; U, M), Pinnixa sehmitti (307; O, M),
PtiZosarcus gu.rneyi (2; SF, SE), MageZonu paeifica (86; DF,
DM)

Peaehia sp. (3; SF, SE), C’aZyptraea fastigata (206; SF, M),
Nicomaehe Zurrzbr%azis  (106; DF, SE)

Leucon acuti~ostris (230; DF/S, M), Aee~o<des sp. (276; DF/S,
M), Mopadia sp. (149; S/P, M)

Gattyana ei2iata (11; S, M), Leucon nusica (231; DF/S, M),
MegacPeneZZa eohi-zbiana  (161; SF, SE), Amphissa ~etieuzata
(213; P, M), C’eratonereh  paueidentata (39; DF/P/S, M),
PandeZZia earchara (329; DF, M)

Deistothyris frontalis (319; SF, SE)

Solariella Zewisai (204; S/P, M), Pinnixa sp. (305; O, M)
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51 Spio fil{eorn$s  (81; DF, DM), Porblandia  axwtiea (155; DF, M)

52 Potami~za negleeta  (140; SF, SE), Ma2’Zetia cuneata (152; DF, M),
Phoxoeepha2us  sp. (291; SF, M), D<astyZis h<rsata (240; DF/S,
M), Hippomedm p~opinquus (271; S/DF?, M)

53 Nephtys Zongasetosa (49; DF/P, M)
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TABLE XXIII

SITE GROOP/SPECIES GROUP COINC IDSNCE  TABLE SHOWING AVERAGE CELL DENSITIES OF GROUPS FORMED BY A
CLUSTER ANALYSIS OF UNTF.ANSFOSMED ABUNDANCE DATA (JULY 1974 -MRCH 1976)

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group
HEC = Hinchinbrook ,Entrance  Group, S = Site, G = Site Group

MATRIX OF AVERAGE CELL DENSITY

Site Groups
Species G42 HEG G6 TBG G4 SBG

(:)t
G39 G5

Group
557*

(3)
G53

(6) (2)
S1*

(5)
52*

(8) (18) (2) (2) (1) (2) (1) (1)

1 (8)tt
2 (9)
3 (6)
4 (6)
5 (2)
6 (17)
7 (3)
8 (3)
9 (4)

10 (1)
11 (2)
12 (2)
13 (3)
14 (9)
15 (2)
16 (11)
17 (2)
18 (2)
19 (2)
20 (8)
21 (18)
22 (3)
23 (2)
24 (2)
25 (19)
26 (29)
27 (6)
28 (6)
29 (5)
30 (1)
31 (5)
32 (4)
33 (4)
34 (7)
35 (5)
3 6  ,(6)
37 (3)
38 (2)
39 (3)
4 0  ( 2 )
4 1  ( 4 )
42 (1)
43 (1)
44 (3)
45 (4)
46 (4)
47 (3)
48 (6)
49 (1)
50 (2)
51 (2)
52 (5)
53 (1)

0.0
0.0
0.1
0.2
0.1
0.2
0.1
0 . 6
0 . 6
4 . 7
0.
0 . 1
0.1
0.1
0.0
0.0
0.2
0.6
1.6
0.3
0.1
0.5
1.9
1.0
1.8
9.8
0.0
0.1
0.0
0.3
0.0
0.3
0.0
0.1
0.0
0.1
0.
0.
0.1
0.1
0.5
0.8
0.1
0.
0.0
0.1
0.0
0.0
0.0
0.2
2.7
0.2
0.3

0.5
0.
0.7
0.3
0.
0.1
0.
0.1
0.
16.0
0.
0.
0.
0.
2.2
0.2
0.2
2.3
0.2
0.0
0.3
5.9
0.
1.2
2.5
9.4
0.
0.1
0.
0.
0.1
0.
0.4
0.5
0.1
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
9.0
0.
0.

0.1
0.
0.
0.
0.
0.1
0.2
2.4
2.5
0.
0.2
0.
0.
0.2
0.
0.4
0.2
1.2
0.
0.0
0.3
0.7
0.2
8.3
3.8

19.9
0.
0.1
0.1
0.3
0.1
0.
0.
0.1
2.5
3.1
0.
0.
0.
0.
0.8
0.
0.
0.
0.1
0.
0.
0.4
0.
0.
0.
0.1
1.7

0.1
0.
0.
0.
0.
0.
0.
0.
0.
1.0
0.
0.
0.
0.
0.5
0.
0.
00
0.
1.4
0.1
0.7
0.
0.
0.3
3.4
0.
0.
0.
1.0
0.
0.
1.0
0.1
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.3
8.7
0.
0.
0.
0.
0.
0.
0.
0.

0.3
4.6
0.5
0.3
0.
0.4
0.2
0.6
1.5
0.
0.5
0.5
0.3
3.4
2.4
0.9
0.
1.2
1.2
0.1
3.0
0.9
0.
1.5
8.8
3.8
0.2
0.
0.
0.
0.
0.
0.2
0.1
0.
0.
0.2
0.
0.
0.
0.
0.
0.
0.
0.3
1.4
0.3
0.6
4.0
0.
0.
0.
0.4

0.
0.0
1.8
0.
0.
0.1
0.
0.3
0.1
0.
0.5
0.3
0.
0.0
0.4
0.5
0.3
0.4
0.5
2.5
1.4
2.4
1.6
0.1
9.1

11.4
0.0
0.0
0.1
0.
1.1
0.3
0.5
0.3
0.1
0.
0.3
0.
0.1
0.2
0.
2.6
0.
0.
0.1
0.
0.
0.1
0.
0.
0.
0.
0.

0.3
0.1
0.1
1.6
0.2
1.4
0.1
0.6
0.2
0.3
0.8
0.2
0.6
0.1
0.2
0.3
0.0
0.3
1.4

10.8
5.6
1.4
0.9
1.0
1.9
5.8
0.2
0.4
0.1
0.1
0.2
0.0
0.0
0.0
0.
0.1
0.8
0.2
0.3
0.2
0.0
0.
0.
0.
0.
0.0
0.
0.0
0.
0.
0.
0.
0.

0.4
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.5
0.
0.
0.5

40.9
0.
0.
0.9
1.8
0.
0.3
2.5
2.0
0.
0.
0.
0.
0.5
0.
0.
0.
0.
0.
0.
0.
0.
5.6
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0,
0.1
0.
0.
0.
0.
0.
0.
0.3
0.
0.
0.3
0.
0.
0.5
0.6
0.3
1.1
4.3
0.
1.2
4.9
0.
0.
0.4
0.
0.
0.
0.
0.
0.
0.3
0.
0.
0.
0.
0.
0.
0.
0.4
0.
0.3
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.8
0.
0.
0.
0.
1.9
0.
0.
0.
0.
0.
0.8
0.4
1.1
0.
0.
0.7
2.4
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
6.7
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.6
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1.3
0.1
2.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
3.3
0.
0.
0.
1.3
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
3.3
0.
0.
1,4
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1.7
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
1.0
0.
0.
1.5
0.4
0.
1.0
0.
0.5
1.2
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
2.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

* Sites which did not join sny of the site groups
t Number of sites in the site group
** Number of species in the species group
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TABLE XXIV

SITE GROUP/ SPECIES GROUP COINCIDENCE TABLE SHOWING Z FIDELITY OF ‘THE SPECIES GROUPS IN RACH
SITE GROUP (JULY 1974-NARCEi 1976)

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group
REG = Hinchinbrook  Entrance Group, S = Site, G = Site Group

MATRIX OF PERCENT FIDELITY

Site Groups
ec ies IG G42 RRG G6 TEG G4 SBG G39 G5 S.57* G53 S1* S2*
Ou~6) (2) (5 (s (18) (2) (2 (1) (2) 1 (1)

(8)’kt
(9)
(6)
(6)
(2)

(17)
(3)
(3)
(4)
(1)
(2)
(2)
(3)
(9)
(2)

(11)
(2)
(2)
(2)
(8)

(18)
(3)
(2)
(2)

(19)
(29)
(6)
(6)
(5)
(1)
(5)
(4)
(4)
(7)
(5)

(6)
(3)
I (2)
I (3)
I (2)

,
I
I

i

i

7
1
3
)
1
2
3

i’

(4)
[:;

(3)
(4)
(4)
(3)
(6)
(1)
(2)
(2)
(5)
(1)

0.4
0.1
4.1
6.2

33.1
7.4

15.9
13.3
2.5

21.4
0.
6.7
3.2
1.3
0.8
1.1

12.0
9.7

29.5
0.7
1.2
0.8

14.6
6.8
5.6

12.6
5.0
7.4
1.5
7.1
3.2

45.2
l.s

10.7
1.2
2.6
0.
0.

11.6
13.1
17.5
15.0

100.0
0.
0.2
4.8
0.5
0.5
0.

100.0
21.1
63.3
11.0

26.9
0.

21.1
10,5
00
5.5
0.
2.4
0.

72.6
0.
0.
0.
0.

38.0
5.9
9.1

35.4
3.2
0.1
2.1

10.6
0.
8.1
7.8

12.2
0.
5.5
0.
0.
4.3
0.

19.2
38.6
3.3
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

69.3
0.
0.

4.9
0.
0.
0.
0.
4.7

37.7
52.7
85.3
0.
8.2
0.

30.7
3.3
0.

14.3
9.1

18.6
0.
0.1
2.2
1.2
1.3

58.2
12.0
25.7
0.
9.1
4.2
9.0
4.3
0.
0.

10.5
61.8
85.9
0.
0.
0.
0.

27.0
0.
0.
0.
0.9
0.
0.
5.7
0.
0.
0.

36.7
71.8

7.3
0.
0.
0.
0.
0.
0.
0.
0.
4.5
0.
0.
0.
0.
8.8
0.
0.
0.
0.
3.6
0.9
1.2
0.
0.
0.8
4.4
0.
0.
0.

27.0
0.,
0.

46.1
10.5
0.
0.
0.
0.
0.
0.
0.
0.
0.
5.3

95.3
0.
0.
0.
0.
0.
0.
0.
0.

19.1
97.1
14.2
11.3
0.

17.3
33.9
12.9
5.7
0.

24.7
48.0
14.8
60.8
42.0
36.0
0.

18.2
22.7
52.7
24.2
1.7
0.

10.5
27.9
4.9

42.7
0.
0.
0.
0.
0.
9.2
4.2
0.
0.

13.1
0.
0.
0.
0.
0.
0.
0.
2.7

76. o
9.0
7.5

100.0
0.
0.
0.

17.2

Sites which did not join any of the site groups
Number of sites in the site group
Number of species in the species group

o.
1.0

55.8
0.
0.
5.8
0.
5.8
0.2
0.

26.3
24.0
0.
0.5
7.1

19.4
3.7
5.7
9.5
6.5

11.6
4.3

12.3
0,9

28.9
14.7

::?
1.6
0.

73.3
50.3
23.0
23.7
1.2
0.

24.0
0.

17.7
38.8
0.

47.7
0.
0.
0.9
0.
0.
0.7
0.
0.
0.
0.
0.

19 .4
1.8
4 . 7

59 .3
66 .9
56 .4
12 .6
12. s

0 . 8
1 . 5

40 .8
21.3
32 .8

1 . 2
3 . 2

12 .5

::;
25 .6
2S.4
44 .9

2 . 6
6 . 6
6 . 8
6 . 1

4:::
41 .1
3.1
3 . 0

14 .9
4 . 5
0 . 6
1 . 8
0.
2.1

53.0
100.0

70.7
48 .2

1 . 5
0.
0 .
0 .
0
i:3
o.
0 . 2
0 .
0 .
0 .
0.
0.

22.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
7.6
0.

::3
73.6
0.
0.
2.s
2.3
0.

32.9
77.1
53.9
0.
0.
0.
0.

13.0
0.
0.
0.
0.
0.
0.
0.
0.

88.1
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
2.9
0.
0.
0.
0.
0.
0.

18.5
0.
0.

10.7
0.
0.
9.5
1.6
2.0
2.0

32.3
0.
3.8
6.4
0.
0.

12.5
0.
0.
0.
0.
0.
0.
9.4
0.
0.
0.
0.
0.
0.
0.
6.6
0.

17.0
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
3.2
0.
0.
0.
0.

32.9
0.
0.
0.
0.
0.
2.2
3.0
2.0
0.
0.
2.2
3.1
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

85.4
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
2.4
0.
0,
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
8.7
0.4
3.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0,
0.

::
0.

90.4
0.
0.
0.
9.6
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

25.3
0.
0.
1.8
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0,

54.0
0.
0.
0,
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.

12 .6
0 .
0 .
0 .
0.
0 .
0 .
0 .
0.
0.
0.
0 .
0 .
4 . 6
0 .
0.
3 . 9
3 . 6
0 .
7 . 6
0 .
1.7
1 . 5
0 .
0 .
0 .
0 .
0 .
0.
0.
0 .

19 .5
0 .
0.
0.
0 .
0 .
0 .

37 .3
0 .
0 .
0 .
0.
0 .
0 .
0 .
0 .
0 .
0 .
0 .
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TABLE XXV

SITE GROUP/ SPECIES GROUP COINCIDENCE TABLE SHOWING % FIDELITY OF TRE SPECIES GROUPS IN RACH
SITE GROUP (JULY 1974-NARCH 1976)

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group
l18G = Hinchinbrook Entrance Group, S = Site, G = Site Group

NATRIX OF PERCENT CONSTANCY

Site Groups
Species G42 HEG G6 TBG G4 SBG G39 G5 S57* G53 S1* S2*
Group (:)t (3) (6) (2) (5) (8) (1s) (2) (2) (1) (2) (1) (1)

1 (8)tt
2 (9)
3 (6)
4 (6)
5 (2)
6 (17)
7 (3)
8 (3)
9 (4)

10 (1)
11 (2)
12 (2)
13 (3)
14 (9)
15 (2)
16 (11)
17 (2)
18 (2)
19 (2)
20 (8)
21 (18)
22 (3)
23 (2)
24 (2)
25 (19)
26 (29)
27 (6)
28 (6)
29 (5)
30 (1)
31 (5)
32 (4)
33 (4)
34 (7)
35 (5)
36 (6)
37 (3)
38 (2)
39 (3)
40 (2)
41 (4)
42 (1)
43 (1)
44 (3)
45 (4)
46 (4)
47 (3)
48 (6)
49 (1)
50 (2)
51 (2)
52 (5)
53 (1)

0.4
0.2
2.6
2.9
3.5
2.8
2.3

14.0
8.3
7.0
0.
3.5
2.3
1.8
2.6
1.3
5.3

12.3
11.4
5.9
4.6

10.5
25.4
9.4

18.0
56.9
1.2
2.3
1.8

10.5
2.1
6.1
1.3
4.5
2.1
2.9
0.
0.
1.2
2.6
4.4

17.5
1.8
0.
0.9
1.8
0.6
1.5
0.
3.5

16.7
5.3

10.5

8.3
0.
5.6
5.6
0.
5.9
2.3

11.1
0.

66.7
0.
0.
0.
0.

33.3
9.1

16.7
16.7
16.7
4.2
7.4

11.1
0.

16.7
17.5
55.2
0.
5.6
0.
0.
6.7
0.

16.7
23.8
6.7
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

33.3
0.
0.

2.1
0.
0.
0.
0.
3.9
0.

38.9
66.,7
0.
8.3
0.

11.1
7.4
0.
4.5
8.3

33.3
0.
2.1
4.6

11.1
8.3

25.0
31.6
56.3
0.
2.8
6.7

16.7
3.3
0.
0.
4.8

26.7
22.2
0.
0.
0.
0.
4.2
0.
0.
0.
4.2
0.
0.

11.1
0.
0.
0.
3.3

16.7

6.3
0.
0,
0.
0.
0.
5.6
0.
0.

50.0
0.
0.
0.
0,

25.0
0.
0.
0.
0.

18.8
5.6

16.7
0.
0.

13.2
32.8
0.
0.
0.

50.0
0.
0.

12.5
7.1
0.
0.
0.
0.
0.
0.
0.
0.
0.
6.7

75.0
0.
0.
0.
0.
0.
0.
0.
0.

17.5
37.8
13.3
10.
0.
9.4
0.

20.0
20.0
0.

20.0
30.0
13.3
46.7
20.7
27.3
0.

30.0
50.0
92.5
42.2
33.3
0.

50.0
49.5
42.8
10.0
0.
0.
0.
0.
0.
5.0
2.9
0.
0.
6.7
0.
0.
0.
0.
0.
0.
0.
5.0

25.0
6.7

10.0
20.0
0.
0.
0.

20.0

0.
1.4

22.9
0.
0.
5.9
6.7
8.3
3.1
0.
8.8

12.5
0.
1.4

18.8
6.8

12.5
18.8
6.3

18.8
23.6
41.7
12.5
6.3

47,4
42.7
2.1
2.1
2.5
0.

15.0
3.1

12.5
8.9
2.5
0.
8.3
0.
4.2
6.3
0.

37.5
0.
0.
3.1
0.
0.
2.1
0.
0.
0.
0.
0.

11.8
1.2
1.9

13.9
8.3

16.3
0.

13.0
4.2

11.1
11.1
5.6
7.4
2.5
2.8
9.1
2.8

11.1
13.9
42.4
45.7
20.4
25.0
22.2
28.9
51.1
7.4

15.7
5.6
5.6
6.7
1.4
1.4
0.8
0.
0.9
9.3
8.3
9.3
8.3
1.4
0.
0.
0.
0.
1.4
0.
0.9
0.
0.
0.
0.
0.

6.3
0.
0.
0.
0.
0.
1.9
0.
0.
0.
0.
0.
0.
0.
0,
0.
0.

25.0
0.
0.

13.9
100.0

0.
0.

18.4
25.9
0.

16.7
60.0
50.0
0.
0.
0.
0.

20.0
0.
0.
0.
0.
0.
0.
0.
0.

50.0
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
2.9
0.
0.
0.
0.
0.
0.

16.7
0.
0.
9.1
0.
0.
5.0
6.3
8.3

50.0
75.0
0.

13.2
34.5
0.
0.

20.0
0.
0.
0.
0.
0.
0.
8.3
0.
0.
0.
0.
0.
0.
0.

16.7
0.

12.5
0,
0.
0.
0.
0.
0.
0.

0.
. 0.

0.
0.
0.
0.
0.
0.

25.0
0.
0.
0.
0.

22.2
0.
0.
0.
0.
0.

12.5
11.1
33.3
0.
0.

10.5
27.6
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

100.0
0.
0.
0.
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.

12.5
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

25.0
2.6

15.5
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

50.0
0.
0.
0.

25.0
0.
0.

0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

50.0
0.
0.

17.2
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

25.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

0.
0.
0.

16.7
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

50.0
0.
0.

25.0
11.1
0.

50.0
0.

15.8
24.1
0.
0.
0.
0.
0.
0.
0.
0.

20.0
0.
0.
0.
0.
0.
0.

100.0
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.
0.

* Sites which did not join any of the site groups
t Number of sites in the site group
H’ Number of species in the species group
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Figure 17. Constancy and fidelity of species groups formed by inverse
cluster analysis of all data collected during this study.
The Czekanowski  coefficient was utilized to create similarity
matrices from Zn transformed abundance data. The vertical
dimension of the bars (height) is proportional to the number
of species in the species group (Table XXI). IG=Inshore Group,
SBG=Shelf Break Group, TBG=Tarr Bank Group, HEG=Hinchinbrook
Entrance Group, S=Site, G~Site Group.
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Group 25 were also present in some of the stations in the Inshore Group

and Site Group 42 (Appendix V, Table III; text, Table XXV). The increased

abundance of five members (Nucu2a tenuis, Psephidia Zordi, IQ@ochele heeri,

Ophiura SUPS< and Ax<nops{da serrieata) of Species Group 26 in Site Group

42 was the principal difference between Site Group 42 and the Inshore Group

(Appendix V, Table III). l’iyr~oek.eze  h,eeti, flueula tenuis, Psephidia lordi,

and Axinopsida sezwicata  have aggregated distributions in Site Group 42

(Morisita’s index of dispersion, P<O.05; Pielou, 1977). Abundance estimates

of species with aggregated distributions have a high variance and it is not

at all certain that a distinction between these groups is valid. The Hinch-

inbrook Entrance Group (Sites 53 and 54) was characterized by Species Groups

9, 24, 25 and 26. Species in Species Group 26, particularly the brittle

star, Oplziura sarsi, were more abundant in the Hinchinbrook Entrance Group

than in the Inshore Group and Site Group 42 (Appendix V, Table III; Text,

Tables XXIII-XXV). The Shelf Break Group was characterized by Species

Groups 20, 21 and 26 (Fig. 17; Tables XXIII-XXV). The fauna of Site Group

4 (Species Groups 20, 21, 25 and 26) was similar to that of the Shelf Break

Group (Fig. 17) except that members of Species Groups 20 and 21 were not as

abundant (Table XXIII) or as ubiquitous (Table XXV) in Site Group 4. In

addition, species in Species Group 25 were more abundant in Site Group 4 than

in the Shelf Break Group (Table XXIII). The Tarr Bank Group (Sites 56 and

57) was characterized by Species Groups 14, 20, 21, 22, 25 and 26 (Fig. 17;

Tables XXIII-XXV). Site Group 39 was characterized by the three members

of Species Group 22, the maldanid polychaetes, Maldane sarsi and Maldane

gleb~fex,  and the amphipod, Nieippe tumida (Appendix V, Table III; text,

Fig. 17). The remaining site groups (Site Groups 5, 6 and 53) and single

sites (Sites 1 and 2) were distinguished primarily by the low abundance and

diversity of their fauna (Appendix V, Table III).

There was some partitioning by cluster analysis of the stations within

the Inshore Group into subgroups of stations taken in the fall of 1975, the

spring of 1976; the spring of 1975 (Fig. 15). Stations in the Shelf

Break Group also could be partitioned into subgroups which included a

group of four stations taken during the fall of 1975 and another group of

stations taken during the summer of 1974. However, these subgroups were

text continued from page 78.
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formed at relatively high similarity levels (Fig. 15), and are based primar-

ily on slight differences in the abundance of the fauna rather than changes

in the species composition of the stations (Appendix V, Table III).

At least one of the stations occupied at each of ten sampling sites

was not classified in the same site group as the other stations taken at

that site (Table XXVI). For example, stations occupied at Site 57 were

classified as members of both the Shelf Break Group, and the Tarr Bank

Group (Sites 56 and 57) and on one occasion a station occupied at Site

57 did not join any site group (Table XXVI). Inmost cases, changes in

the classification of a sampling site were not due to major changes in

the species assemblages at that site; instead, they were caused by changes

in the species richness and abundance of the fauna (Appendix V, Table 111).

Abundance, Biomass and Diversity: Combined Data; July 1974-March 1976

The results of nested ANOVA’S comparing the between site group, between

stations within site groups, and within station (sample) variance of the

abundance, biomass and diversity of the fauna are presented in Tables XXVII-

XXXII . There were significant differences (PcO.05) between site groups in

biomass, species richness and Brillouin diversity. However, a Student-

Newman-Keuls  multiple range test indicated that there were no significant

differences (P>O.05) between individual means. There were also significant

differences (P<O.05) between stations within groups for all parameters

tested. In all cases, except for species richness and abundance, the

greatest percentage of the total variance in the data was attributed to

within station (between sample) variation (Tables XXVII-XXX). For abun-

dance data the greatest amount of variation occurred between stations

within groups (Table XXVIII). The greatest variance in species richness

data was between site groups.

Although there were few statistically significant differences in site

group means, there appear to be several trends worth noting. Both the abun-

dance and biomass of the fauna was highest in the Hinchinbrook  Entrance

Group (Site 53 and 54; Tables XXVII and XXVIII). The biomass (Table XXVIII)

in the Shelf Break Group and Site Group 4 stations (see Table XXI for site

text continued on page 98.
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TABLE XXVI

STATIONS+ WHICH WERE CLASSIFIED AS MEMBERS OF MORE THAN ONE SITE GROUP

IG = Inshore Group, SBG = Shelf Break Group, TBG = Tarr Bank Group,
HEG = Hinchinbrook Entrance Group, S = Site, G = Site Group,

DNC = Did Not Join Any Site Group

Cruise Dates
(Date station was occupied)

Summer Fall Winter Spring Fall Spring
Site 1974 1974 1975 1975 1975 1976

1 DNC IG IG

2 IG IG DNC

25 lG SBG SBG

26 SBG IG SBG IG

42 IG S42 S42 S42

44 SBG QS SBG G8

48 SBG SBG G8

52 lG lG IG IG IG

53 HEG G53 G53 HEG HEG

57 SBG DNC TBG TBG

~ Each station is a site occupied on a specific cruise (date).
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TABLE XXVII

NESTED ANALYSIS OF VARIANCE, ABUNDANCE DATA (#/m2). SITE GROUPS ARE THE
SITE GROUPS FORMED BY A CLUSTER ANALYSIS OF NATURAL LOGARITHM TRANSFORMED

ABUNDANCE DATA COLLECTED FROM JULY 1974-MARCH 1976.

A. ANOVA Table

Ss DF MS F

Between site groups 8850616.0 12 737551.3 1.55(NS)~

Between sites within groups 44710948.0 95 474515.0 10.57**

Within sites 17181602.0 386 44511.9

B. Variance Components

Variance compcment Percent

Between site groups 9364.8 6.4

Between sites within groups 93366.7 63.4

Within sites 44511.9 30.2

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Bar represents the ranges of non-significant (P > 0.05) differences
in means.

Site Groups N Mean Std. Deviation

Site 1

Site Group 53

Site Group 3

Site Group 39

Site 2

Site 57

Site Group 6

Inshore Group

Shelf Break Group

Site Group 4

Tarr Bank Group

Site Group 42

Hinchinbrook  Entrance Group

3

3

9
8

5

3

10

258

87

36
29

17

26

66.66

123.3

129.1

162.4

174.0

219.9

280.0

402.4

453.8
544.2

548.9

650.0

833.7

25.2

92.9

85.4

149.6

175.6

103 ● 9

178.3

334.1

464.3

309.9

331.9

375.6

460.4

f’ Not Significant, P > 0.05
** p < 0.01
* p < ().()5
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TABLE XXVIII

NESTED ANALYSIS OF VARIANCE, BIOMASS DATA (WWT/m2). SITE GROUPS ARE THE
SITE GROUPS FORMED BY A CLUSTER ANALYSIS OF NATURAL LOGARITHM TRANSFORMED

ABUNDANCE DATA COLLECTED FROM JULY 1974-MARCH 1976

A. ANOVA Table

Between site groups 2830742.5 12 235895.2 3.37**

Between site within groups 6616547.1 95.4 69647.9 2.73~~
94.4 70049.0

Within sites 9849455.0 386. 25516.7

B. Variance Components

Variance Component Percent

Between site groups 5904.6 14.3

Between site within groups 9669.3 23.53

Within sites 25516.7 62.10

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Bar represents the range of non-significant (P > 0.05) differences
in means.

Site Groups N Mean Std. Deviation

Site Group 39

Site Group 3

Site 2

Shelf Break Group

Site Group 4

Site 57

Site Group 42

Site Group 6

Inshore Group

Tarr Bank Group

Site Group 53

Hinchinbrook  Entrance Group

** p < 0.O1

8

9

5

87

36

3

17

10

258

29

3

26

9.4
22.7

34.2

34.8

54.6

65.7

71.4

83.3

142.9

242.6

243.5

329.4

7.5

39.8

46.6

51.2

42.5

35.0

38.4

129.8

203.5

275.0

385.0

341 ● 4
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TABLE XXIX

NESTED ANALYSIS OF VARIANCE, SPECIES RICHNESS. SITE GROUPS ARE THE SITE
GROUPS FORMED BY A CLUSTER ANALYSIS OF NATURAL LOGARITHM TRANSFORMED

ABUNDANCE DATA COLLECTED FROM JULY 1974-MARCH 1976

A. ANOVA Table

Ss DF MS F

Between site groups 683.1 12 56.92 10. 40**

Between sites within groups 515 ● 9 95. 5.43 6.57**
44.7 5.47

Within sites 318.9 386. 0.82

B. Variance Components

Variance Component Percent

Between site groups 1.83 49.96

Between sites within groups 1.01 27.51

Within sites 0.83 22.53

c* Student-Newman-Keuls multiple Range Test: Table of Means (sorted).
Bars represent the ranges of non-significant (P > 0.05) differences
in means.

Site Groups N Mean Std. Deviation

S i t e  1

Site Group 53

Site Group 6

Site 2

Site Group 39

Site 57

Site Group 3

Inshore Group

Site Group 4

Site Group 42

Hinchinbrook  Entrance Group

Shelf Break Group

Tarr Bank Group

** P < 0.01

3
3

10

5

8

3

9

258

36

17

26

29

1.4

1.5

2.3

2.3

2.7

3.1

3.3

3.6

4.2

4.3

4.7

5.7

7.2

0.2

1.1

0.7

1.6

0.6
0.9

0.7

1.1

1.3

1.7

1.2

1.8

1.7
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TABLE XXX

NESTED ANALYSIS OF VARIANCE, BRILLOUIN DIVERSITY. SITE GROUPS ARE THE
SITE GROUPS FORMED BY A CLUSTER ANALYSIS OF NATURAL LOCARITHM  TRANSFORMED

ABUNDANCE DATA COLLECTED FROM JULY 1974-MARCH 1976

A. ANOVA Table

Between site groups 14.46 12. 1.20 4.80*

Between sites within groups 23.58 95. 0.25 3.12*
94.4 0.25

Within sites 32.62 386. 0.04
0.08

B. Variance Components

Variance Component Percent

Between site groups 0.022 22.03

Between sites within groups 0.016 23.22

Within sites 0.037 54.75

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted)
Bar represents the range of non-significant (p > 0.05) differences
in means

Site Groups N Mean Std. Deviation

Site 1

Site 2

Site Group 6

Site Group 53

Site Group 39

Site Group 3

Site Group 42

Inshore Group

Site 57

Site Group 4

Hinchinbrook  Entrance Group

Shelf Break Group

Tarr Bank Group

3

5

10

3

8

9

17

258

3

36
26

87
29

1.31

1.38

1.54

1.59

1.77

2.03

2.05

2.07

2.16

2.28
2.28
2.51
2.69

0.21

0.92

0.44

0.48

0.25

0.25

0.58

0.60

0.37

0.37

0.30

0.39

0.48

* p < ().01
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TABLE XXXI

NESTED ANALYSIS OF VARIANCE, BRILLOUIN
SITE GROUPS FORMED BY A CLUSTER ANALYSIS

ABUNDANCE DATA COLLECTED FROM

A. ANOVA Table

Ss

EVENNESS. SITE GROUPS ARE THE
OF NATURAL LOGARITHM TRANSFORMED
JULY 1974-MARCH 1976

DF MS F

Between site groups 0.79 12. 0.0657 1.33(NS)~

Between sites within groups 4.68 95. 0.0492 2. 34*
94.3 0.0495

Within sites 8.14 386. 0.0211

B. Variance Components

Variance Component Percent

Between site groups 0.0006 2.08

Between sites within groups 0.0062 22.17

Within sites 0.0211 75.75

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Bar represents the range of non-significant (p > 0.05) differences
in means.

Site Groups N Mean Std. Deviation

Site 2

Hinchinbrook  Entrance Group

Site Group 6

Site Group 42

Site Group 39

Site Group 4

Tarr Bank Group

Inshore Group

Site Group 3

Shelf Break Group

Site 57

Site Group 53

Site 1

~ (NS) = Not
* P < 0.01

significant, P

5

26

10

17

8

36

29

258

9

87

3

3

3

> 0.05

0.74

0.76

0.78

0.78

0.80

0.84

0.87

0.87

0.89

0.90

0.93

0.94

0.97

0.42

0.08

0.19

0.21

0.11

0.10

0.12

0.19

0.05

0.08

0.04

0.05

0.04
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TABLE XXXII

NESTED ANALYSIS OF VARIANCE, SIMPSON DIVERSITY. SITE GROUPS ARE THE SITE
GROUPS FORMED BY A CLUSTER ANALYSIS OF NATURAL LOGARITHM TRANSFORMED

ABUNDANCE DATA COLLECTED FROM JULY 1974-MARCH 1976

A. ANOVA Table

Ss DF MS F

Between site groups 0.68 12. 0.0574 4.63*

Between sites within groups 1.17 95 ● 0.0123 1. 95*

Within sites 2.44 386. 0.0063

B. Variance Components

Variance Component Percent

Between site groups 0.0016 17.33

Between sites within groups 0.0013 14.23

Within sites 0.0063 68.44

c. Student-Newman-Keuls Multiple Range Test: Table of Means (sorted).
Bars represent the ranges of non-significant (p > 0.05) differences
in means.

Site Groups N Mean Std. Deviation

Shelf Break Group

Tarr Bank Group

Site 57

Inshore Group

Site Group 4

Site Group 3

Hinchinbrook  Entrance Group

Site Group 42

Site 1

Site Group 53

Site Group 39

Site Group 6

Site 2
>

* P < 0.01

87

29

3

258

36

9

26

17

3

3

8

10

5

0.07

0.08

0.10

0.11

0.12

0.12

0.16

0.17

0.17

0.20

0.20

0.24

0.29

0.05

0.11

0.05

0.06

0.06

0.06

0.07

0.22

0.03

0.06

0.09

0.19

0.40
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group composition) appeared to be substantially lower than in the other

major site groups (Inshore Group, Tarr Bank Group, Hinchinbrook  Entrance

Group) . Among the major station groups, species richness and Brillouin

diversity increase from the low values found in the Inshore Group through

Site Group 4, Hinchinbrook Entrance Group (Sites 53 and 54), the Shelf

Break Group to the high values in the Tarr Bank Group (Sites 56 and 57).

VII . DISCUSSION

Numerical Analysis

Numerical analysis makes the evaluation of large data sets feasible,

and its use has greatly reduced the subjective element in the analysis

of benthic faunal distributions. However, numerical techniques have not

completely eliminated subjectivity. Among the subjective decisions re-

quired during the development of the numerical analysis protocols used in

this study were the selection of (1) a method of data standardization of

transformation (if any were desired); (2) a similarity coefficient; and (3)

a clustering strategy and method of ordination. A subjective judgement

delimiting the groups formed by the analysis must also be made, either by

examining a dendrogram (classification) or loadings of points on coordinate

or component axes (ordination). Rather than make an a ptioti selection of

any single method of analysis we decided to use a range of analytical

strategies. The effectiveness of each analysis was then evaluated by using

two-way coincidence tables and examining the extent to which the groupings

that were formed by cluster analysis reflected environmental (physical,

chemical, biological) conditions.

Some form of data transformation or standardization has often been

utilized in the analysis of benthic communities (Field and MacFarlane,

1968; Field and Robb, 1970; Ebeling et az., 1970; Day et az., 1971;

Thorrington-Smith, 1971; Stephenson and Williams, 1971; Stephenson et al.,

1972; Raphael and Stephenson, 1972; Williams and Stephenson, 1973;

Levings, 1975; Maurer et az., 1978). Boesch (1973) used a double stand-

ardization to eliminate the effects of differences in abundance between

individuals. He argued that two species which might have “similar habitat

text continued from page 90.
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requirements, yet one is always much more abundant than the other”, would

be segregated by the analysis unless abundances are standardized. We

agree that some form of standardization or transformation should be utilized;

however, differences in abundance may also imply that differences in the

suitability of the habitat for the species in question may, in fact, exist.

In the absence of a thorough knowledge of the habitat requirements of the

species utilized for the analysis we feel that both unaltered and trans-

formed or standardized data should be examined.

The Czekanowski  coefficient was used in the present study to calculate

similarity matrices for cluster analysis because it tends to emphasize the

effect of dominant species on the classification. Raphael and Stephenson

(1972) found that the Czekanowski  coefficient , with its emphasis on dominant

species, produced station groups that were more closely correlated with

abiotic  attributes. The Canberra “metric” similarity coefficient has also

been used extensively in studies of benthic infaunal community structure

(Boesch, 1973; Maurer et aZ., 1978). Unlike the Czekanowski  coefficient,

the Canberra metric coefficient tends to reduce the effect of dominant

species on the analysis. Both the Czekanowski and Canberra “metric” simi-

larity coefficients were used to calculate similarity matrices for principal

coordinate analyses. The use of the two coefficients in principal coordinate

analyses enabled us tb compare the relative similarity of stations as

delineated by analyses ranging from one which placed a strong emphasis on

the numerically dominant species (Czekanowski coefficient, untransformed

data) to one placing a more equal emphasis on all species in spite of

differences in their abundance (Canberra “metric” coefficient, Zn transformed

data).

A hierarchical agglomerative clustering strategy was used to create

dendrograms from similarity matrices. We have found that the group-average

sorting strategy gives useful results, and we have used it almost exclus-

ively here. Boesch (1973) and Stephenson et aZ. (1972) used both group

average and “flexible” sorting strategies (Lance and Williams, 1966).

Boesch (1973) found the flexible strategy yielded “the more instructive

classification” while Stephenson et aZ. (1972), using a variety of criteria,

found both strategies to have merit. We experimented with the use of the
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flexible sorting strategy with a = 0.85 and found that the results were

not appreciably different from those obtained using the group average

strategy.

Separate analyses of data collected during three sampling periods

(July 1974-May 1975, September-December 1975 and March 1977), as well as

an analysis of all data combined, yielded similar results (Appendix I,

Figs. 2 and 3; Appendix II, Figs. 4 and 9; Text, Figs. 4, 9 and 15).

Four major site groups were identified: the Inshore Group, the Shelf

Break Group, the Tarr Bank Group (Sites 56 and 57) and the Hinchinbrook

Entrance Group (Sites 53 and 54). Although the composition of the groups

changed slightly with time and with the method of analysis, the same basic

groups were consistently identified (Appendix I, Figs. 2 and 3; Appendix

II, Figs. 4 and 9; Text, Figs. 4, 9 and 15). When-untransformed data

were used in the analysis the Inshore Group was consistently split into

two subgroups, Inshore Groups 1 and 2 (Appendix I, Fig. 2; Appendix II,

Fig. 4; Text, Fig. 4). The division of the Inshore Group into subgroups

by numerical analyses of untransformed data was the result of differences

in the abundance of many of the species common to both groups. We have

not yet found a satisfactory method of determining if a distinction between

Inshore Group 1 and 2 based on these slight differences in the abundance

and composition of their species complement is statistically valid. How-

ever, the fact that Sites 31, 40, 41 and 42 were consistently classified

as members of Inshore Group 2 by cluster analysis of untransformed data

suggests that there may be differences in the environment at these stations

that are reflected in the compositions of their fauna.

Cluster analysis of untransformed abundance data collected during 0SS

DiseozJeYer cruise DSOO1 split the Shelf Break Group sites into two sub-

groups, Shelf Break Groups 1 and 2 (Fig. 4). An analysis of the combined

data (July 1974-March 1976) also defined a separate group, Site Group 4,

which contained many of the same stations (S76-43, S76-44, S76-48, S76-58,

S76-69; Table XXI; Fig. 15) as Shelf Break Group 1 (cluster analysis, un-

transformed data, 0SS Discoverer cruise DSOO1; Fig. 4). A principal

coordinate analysis (Figs. 6 and 7) indicates that the fauna of sites in

Shelf Break Group 1 (DSOO1; Fig. 4) and Site Group 4 (combined data; Fig.
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15) may be transitional between that found in the Inshore Group(s) and

Shelf Break 2. However, the fauna in Shelf Break Group 1 sites is much

more similar to that of Shelf Break Group 2 than that of the Inshore

Group.

An examination of the dendrogram produced by cluster analysis of the

combined data (Fig. 15) indicates the presence of seasonal subgroups within

two of the major site groups, the Inshore Group and the Shelf Break Group.

However, the differences in the faunal complement of these subgroups were

slight in comparison to differences between the site groups. In addition,

at several sites, stations occupied during different cruises were not

always classified as members of the same group (Table XXVI). In most

of these cases, the shift in the classification of these sites was due to

a decrease in the abundance and species richness of the fauna rather than

a major change in the species assemblage at the site. Although, the slight

temporal fluctuations indicated by a cluster analysis of combined data may

be due to seasonal or long-term temporal variations in the fauna there are

several alternate explanations. During the first year of this study only

three or occasionally four grabs were taken at each station; after that five

grabs were routinely collected. Therefore, distinctions between stations

occupied from July 1974 to May 1975 (SU74-S75; Fig. 15) and those occupied

subsequently (F75 and S76; Fig. 15) are at least partly due to new species

collected by the additional grabs. Other factors which might be partially

responsible for apparent temporal fluctuations noted by cluster analysis

include navigational difficulties in precisely relocating the same site

and the high spatial variability of the fauna.

Factors Affecting the Distribution of the Fauna

The major discontinuities in faunal distributions in NEGOA appear to

be related to changes in sediment size distributions (Fig. 18; Table XXXIII)

which in turn are controlled by the deposition of predominantly glacially

derived fine sediments (Fig. 19; Feely and Cline, 1977; Molnia and Carlson,

1977). The principal sediment sources in NEGOA are the Copper River and

coastal streams draining the Bering, Guyot, and Malaspina Glaciers. As

this material enters the Gulf of Alaska, westward currents deflect it to
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TABLE XX.XIII

SEDIMENT SIZE DISTRIBUTION BY SITE GROUP

Site Number Depth Z Gravel % Sand % Silt % Clay

Inshore Group
1 263
2 219
3 220
4 200
5 174

28 239
32 179
49 186
50 164
51 135
52 53
55 117

31 117
40 195
41 119
42 93

Site Group 4
43 117
58 97

Hinchinbrook Entrance Group
53
54

Site Group 3
7

59

Tarr Bank Group
56
57

Shelf Break Group
6

26
27
33
35
44
48

Station 30

Station 39

279
204

220
334

64
67

151
148
129
219
179
181
117

43

549

0
0
0
0
3.12
0.27
0
0
0
0
0
0

0
0
0
0

0
0

0
0

0

24.39
26.59

6.27
4.32

13.17

1.18
3.01

19.95

0

111

1.08
3.35
0.40
0.42

16.84
6.87
0.42
7.71
2.50
0.27
0.44
1.26

1.68
0.23
0.31

10.58

4.39
3.41

28.07
27.94

36.11

42.49
14.20

37.69
8.47

10.49

44.96
50.64
15 ● 54

0.10

37.10
33.85
31.92
30.70
20.25
52.66
51.09
49.53
33 ● 30
39.54
37.83
48.22

62.70
44.53
49.37
58.88

35.85
47.00

46.02
43.47

21.59

18.05
29.39

23.42
53.64
43.56

33.42
22.95
33.51

61.15

61.82
62.80
67.68
68.87
59.80
40.20
48.49
42.75
64.20
60.19
51.72
50.52

35.62
55.24
50.12
30.54

59.76
49.59

25.91
28.49

42.29

15.07
26.83

32.62
33.57
32.88

20.44
23.40
31.00

38.75
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the west except near Kayak Island where it is deflected to the southwest and

then trapped in a counterclockwise gyre west of Kayak Island (Sharma et aZ.,

1974; Burbank, 1974; Feely and Cline, 1977). This results in high sedimen-

tation rates and a high suspended sediment load throughout much of the

shelf area west of Yakutat Bay except on topographic highs such as Tarr Bank

where scouring by strong bottom currents and frequent winter storm waves

probably prevents sediment accumulation (Fig. 19; Molnia and Carlson, 1977).

The westward transport of suspended sediment by the Alaska Stream prevents

the accumulation of sediment along the shelf break and on the continental

slope. Sediment deposition on the vicinity of Hinchinbrook Entrance is

probably limited by currents (up to ca. 50 cm/see, T. Royer, Inst. Mar. Sci.,

Univ. Alaska, person. commun.) moving in and out of Prince William Sound.

The sediments in the major site groups ranged from predominantly

silts and clays in most of the sites in the Inshore Group to about 25%

gravel mixed with sand, silt and clay in the Tarr Bank Group (Sites 56 and

57; Fig. 18; Table XXXIII). The sediments in the Hinchinbrook Entrance

Group (Sites 53 and 54), about 28% sand mixed with silt and clay, and the

Shelf Break Group, from 3 to 19% gravel mixed with sand (8-50%), silt and

clay, were intermediate in terms of mean grain size (Fig. 18; Table XXXIII).

The fauna of the Inshore Group, where sediments were fine and the
.

sedimentation rate (as indicated by the suspended load above the bottom;

Fig. 19) was high, consisted primarily of motile deposit-feeding organisms

(Table XX; Species Group 26, Tables XXII and XXIII) which were widely dis-

tributed throughout NEGOA. Since all sites contained at least 30% silt and

clay (Table XXXIII) , it is not surprising that many of the species which

successfully occupied the muddy environment of the Inshore Group sites were

widely distributed. The fauna of the Hinchinbrook  Entrance Group (Sites 53

and 54) was also dominated by deposit feeding organisms (Table XXII). How-

ever, the abundance (Table XXVII), biomass (XXVIII), species richness

(Table XXIX) and diversity (Table XXX) of the fauna appeared to be greater

in the Hinchinbrook Entrance Group than in the Inshore Group.

As the sediment changed from silt and clay in the Inshore Group to

sand and gravel mixed with silt and clay in the Shelf Break Group and the

Tarr Bank Group (Sites 56 and 57), greater numbers of sessile  and suspension
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feeding organisms were collected (Appendix V, Table 111; Appendix II,

Table VIII; text Table XX). The diversity and species richness of the fauna

in the Tarr Bank and the Shelf Break stations were among the highest found

in NEGOA (Tables XXIX and XXX). There are several possible explanations

for the increase in diversity in the Shelf Break and Tarr Bank sites. The

most obvious one is the increase in environmental heterogeneity provided

by the presence of sand and gravel. Among the organisms found in the Tarr

Bank Group and to a lesser extent in the Shelf Break Group were brachiopods,

bryozoans and other organisms which require a solid substrate for attachment.

The reduction in the abundance of suspension feeding organisms in muddy

sediments, noted by many investigators (Davis, 1925; Jones, 1950; Sanders,

1956, 1958; Thorson, 1957; McNulty et az., 1962), may be partly responsible

for the reduced diversity in the Inshore Group. Rhoads and Young (1970)

hypothesized that the activities of deposit feeding organisms will tend to

exclude suspension feeders by creating an easily-resuspended, unstable,

sedimentwater interface which tends to clog the gills of suspension feeders,

and bury or inhibit settling of their larvae. In addition, sediment in-

stability may act to exclude suspension feeders by requiring excessive

energy expenditure to maintain contact with the overlying waters (Myers,

1977) . Throughout much of the shelf of NEGOA high sedimentation rates

result in poorly consolidated fine deposits (Molnia and Carlson, 1977)

which are easily resuspended (Feely and Cline, 1977). Thus, as suggested

by Rhoads and Young (1970), these conditions should tend to exclude suspen-

sion feeding organisms.

Jumars and Fauchald (1977) postulated that sessile species would tend

to be excluded from areas with disturbed sediments or high sedimentation

rates due to the effects of burial and “alteration of local sediment char-

acteristics, probably giving an advantage to those individuals who can move

to locally optimum conditions”. They further hypothesized that the relative

abundance of sessile individuals would decrease as the flux of organic

material to the substrate decreased. They reasoned that in areas with a

limited food supply “the foraging radius required for adequate nutrition

exceeds the reach of most sessile  individuals”. Since much of the sediment

deposited in NEGOA is of glacial origin, it might be expected that these
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sediments would be relatively low in organic carbon. For example, the

relatively low carbon values in the outwash deltaic  complex formed by the

Lowe River and Valdez Glacier stream in Port Valdez,  an embayment of

Prince William Sound, indicate that the glacially derived sediments depo-

sited by these rivers contain low organic carbon concentrations (Sharma

and Burbank, 1973). Thus, the reduced abundance of sessile organisms

from areas with high rates of deposition of glacially derived sediments

in the Gulf of Alaska may be due, in part, to low concentrations of organ-

ic material in the sediments.

The Community Concept

There was no evidence that discrete communities such as those described

by Petersen (1911) and Thorson (1957) could be identified in the northeast

Gulf Of Alaska (NEGOA). In fact, our data suggest that the species found

in NEGOA distribute themselves independently along environmental gradients

(also see whittaker, 1970).

A minimum of 28 species groups were required to describe the spatial

distribution patterns found during a single cruise and 53 species groups

were required to describe spatial and temporal distribution patterns over

a 21 month period. Moreover, there was considerable variation in the

abundance patterns of the species within these groups. The change in

the faunal composition and the increase in diversity and species richness

that occurs as the amount of sand and gravel in the sediment increases

indicates that sediment size is a major factor in controlling species dis-

tributions. We can identify groups of species which are characteristic

of different sedimentary environments in NEGOA. However, the variation

between individual species distribution patterns, especially within the

species groups which characterize silt-clay environments, indicate that

environmental conditions other than grain size and deposition rate also

affect their distributions.

The variance structure of the data also suggest that discrete com-

munities do not exist in NEGOA. Although there was a significant differ-

ence between site groups for most parameters tested (biomass, Brillouin
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diversity, species richness, Simpson diversity; Tables XV-XIX, XXVII-XXXI),

there was also a significant, but generally smaller, difference between

stations within the site groups for these parameters. The formation of

site groups by cluster analysis was successful in partitioning the between

site variance so that a greater percentage of the variance was attributed

to differences between site groups than to differences between sites within

site groups. However there was still a considerable amount of variance

associated with differences between sites. Thus, it appears that the de-

lineation of site groups by cluster analysis has identified the largest

discontinuities in a near continuation of species distributions (also see

Stephenson, 1973; Boesch, 1973). Principal coordinate analyses have also

identified sites and site groups which appear to be transitional between

the major site groups.

VIII. CONCLUSIONS

Forty-one widely dispersed permanent sites have been established in

the northeast Gulf of Alaska (NEGOA) in conjunction with the physical,

chemical, heavy metals and hydrocarbon programs. These sites represent

a reasonable nucleus around which a monitoring program can be developed.

The sampling device chosen, the van Veen grab, adequately sampled

the infauna at most sites. Penetration was excellent in the soft sedi-

ments characteristic of the majority of sites; poor penetration occurred

at a few sites where substratum was sandy or gravelly.

The general patchiness of infaunal species initially observed sug-

gested that at least five replicate grabs be taken per site. An analysis

of grab-sampling efficiency indicated that all but the rarer species were

sampled with five replicates.

There is now a satisfactory knowledge, for grab stations, of inver-

tebrate species (infauna and epifauna) present and general species distri-

bution on the shelf in the northeast Gulf of Alaska study area. Approxi-

mately 515 taxa have been identified. Fourteen marine phyla are represented

in the collections. The important groups, in terms of number of species

in descending order , are the polychaetous annelids, molluscs,  arthropods
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(crustaceans), and echinoderms. It is probable that all species of

numerical and biomass importance have been collected during the inten-

sive sampling accomplished on OCSEAP cruises in NEGOA and that only rare

species will be added to the list in the future.

The diversity indices included in the 1976 Annual Report (Feder et

al. , 1976) and this Final Report, Simpson, Brillouin,  and Shannon-Wiener

are complementary to each other since the former reflects dominance of a

few species and the latter two are weighted in favor of rare species.

Values calculated, in general, reflect these weighings. A preliminary

examination of the two measures of evenness (or equitability) indicates

a reasonable relationship to the calculated diversity values. In general,

high measures of evenness show numerical codominance of many species (with

low Simpson index and high Shannon-Wiener and Brillouin indices) while low

evenness measures must still be interpreted with considerable caution

until more data is available, and further detailed assessment of the meaning

of the calculated values can be made.

Information on feeding biology of most species has been compiled. Most

of the information for the northeast Gulf of Alaska is from literature

source material; it is suggested that experimental work on feeding biology

of selected species be encouraged for this region.

Clustering techniques have supplied us with valuable insights into

species distributions on the shelf of the northeast Gulf of Alaska. The

preliminary grouping of stations by three different classification schemes

has delineated four basic site groups. Further insight into the meaning of

stations clustered by our analysis is gained by means of the two-way coin-

cidence table of site groups vs. species groups. Specific groupings of

species can be related to site groups, and intermediate positions of sta-

tions (or site groups) can be determined by the particular groupings of

species they have in common.

Initial qualitative assessment of data printouts of infaunal species

(data to be stored at the National Environmental Data Center) indicates

that, (1) sufficient station uniqueness exists to permit development of an

adequate monitoring program based on species composition at selected sites,
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and (2) adequate numbers of unique, abundant, and/or large species are

available to ultimately permit nomination of likely monitoring candidates.

The National Marine Fisheries Service trawl charter for investigation

of demersal fishes and epifaunal benthos was effective and maximum spatial

coverage was achieved. Integration of this information with the infaunal

benthic data will enhance our understanding of the shelf ecosystem.

Availability of many readily identifiable, biologically well-understood

organisms is a preliminary to the development of monitoring programs. Size-

able biomasses of taxonomically well-known molluscs, crustaceans, and echino-

derms were typical of most of our stations, and many species of these phyla

were sufficiently abundant to represent organisms potentially useful as

monitoring tools. The present investigation should clarify some aspects of

the biology of many of these organisms, and should+increase  the reliability

of future monitoring programs for the Gulf of Alaska.

,.
.,.

. .. .
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APPENDIX I - CLUSTER ANALYSIS OF BENTHIC INVERTEBIMTE DATA

Cluster analysis was utilized to define groups of stations which had
a similar faunal composition and groups of species which were characteristic
of the station groups. We feel that this technique provides an excellent
tool for proper selection of monitoring sites and for detection of changes
in the fauna caused by environmental disturbances (Feder et aZ., 1976).

Methods

A brief summary of the methods of analysis will be presented here.
More detailed information is available in Feder et aZ., (1976). Since re-
search vessel scheduling and inclement weather prevented seasonal coverage
of the entire station grid during the first year of the study, data from
the five cruises listed below had to be pooled to obtain complete coverage:
Cruise 193 R/V Acona - July 1974; Cruise 200 R/V Aeons - October 1974; Cruise
202 R/V Aeons - November 1970; Cruise 805 R/V Oceanogrqher  - February 1975;
Cruise 807 R/V Tomsend Czw?well - May 1975

This data includes samples from part of cruise 805 and all of cruise 807,
which were not available for inclusion in Feder et aZ., (1976). Analysis of
the data collected on all of these cruises yielded 315 taxa collected from 50
stations (several stations were sampled on more than one occasion). The data
matrix of 50 stations x 315 taxons was reduced by eliminating all organisms
which occurred only at one station and in such low numbers that they would have
little effect on the analysis. In addition, several stations which were in-
adequately sampled for reliable quantitative data (Stations 7, 29, 30, 33, 37,
39, 43, and 59; Fig. 1) were excluded from analyses using quantitative data.
Five separate cluster analyses were run using the following data:

1. Untransformed number of individuals/m2.
2. Natural logarithm transformed number of individuals/m2.
3. Untransformed wet weight/m2 data.
4. Natural logarithm transformed wet weight/m2 data.
5. Presence-absence data (all stations were included).

Both normal (comparing stations) and inverse (comparing species) cluster
analysis were run on all data.

Samples from cruise 811, USNS SiZas Bent, September 1975 and cruise 816,
Discoverer, November-December 1975 have been processed by the Marine Sorting
Center, and are now being prepared for submission to NODC. A listing of the
stations occupied and the species identified are included in Tables I and II.
These two cruises gave us complete coverage of the station grid established
for the lease area. Cluster analyses have been run on this data, but they
have not been examined in sufficient detail for inclusion in this report.

A more detailed evaluation of this data will be included either in the
next quarterly report or as a special data report.

Results

Station groups formed by normal cluster analysis are shown in Figures
1 through 5. To avoid confusion, only the major station groups were plotted.
Tables III through VII list all the station groups formed by the five cluster
analyses utilized. A normal cluster analysis delineated three major station
groups at the 30 percent similarity level (Fig. 2). One group of stations
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,.
(labeled Inshore Group I) is located south of Prince William Sound and Cordova.
Inshore Group II consists of a large block of stations to the east of Inshore
Group I and several stations south of Resurrection Bay. A third group (labeled
Shelf Break Group) consists of stations located at or near the 200-m contour.
Several stations including stations 56 and 57 have a unique enough fauna so
that they do not enter any of the cluster groups formed (Fig. 2; Table 111).
The species groups formed by an inverse analysis of untransformed number/m2
data are listed in Table VIII.

Tables III and IX list some of the properties of the stations in the var-
ious station groups. The values listed in Table IX are mean values for all
stations in each group. The sediments in both of the inshore station groups
are predominantly silts and clays while the shelf break stations and stations
56 and 57 have considerable quantities of sand and gravel mixed with silt and
clay. An analysis of variance demonstrated that the diversity of the shelf
break stations and stations 56 and 57 is significantly higher (P <0.05) than
that of the inshore stations (Table IX). Coincident with the difference in
sediment types between the inshore station groups and the shelf break stations
as well as stations 56 and 57, there is a shift in the distribution of feeding
types within the fauna. The fauna of the inshore station groups is dominated
by deposit feeders ’whereas suspension feeders are dominant in the shelf break
stations and in stations 56 and 57 (Table IX).

The major station groups delineated by cluster analyses using Zn trans-
formed number/m2  data, untransformed and Zn transformed wet weight/m2 data and
presence-absence data are shown in Figures 3 through 6. Although the boundaries
of the major station groups change somewhat when different data bases are used,
the major station groups illustrated in Figure 2 are still recognizable. When
wet weight/m2 data was used in the analysis, Inshore Group II was greatly re-
duced in size (Fig. 4). Species which havea large biomass but are present in
low numbers will have little effect on station grouping when abundance data is
used, but they will have a very great effect on those groupings when wet weight/
m2 data is used. The fragmentation of larger station groups into several smaller
ones are caused by the distribution of these large species. The use of a natural
log transformation reduces the effect of these species. When natural log trans-
formed wet weight/m2 data was used, Inshore Groups I and 11 merged to form a
single large inshore station group (Fig. 5). Cluster analysis of presence-
absence data included those stations which could not be sampled quantitatively.
The addition of these stations to the analysis added two new station groups sea-
ward of the Shelf Break Group (Fig. 6).

Since the data from four different cruises had to be pooled to get complete
coverage of the lease area, seasonal changes in the fauna may be confusing the
results. For example , some of the stations which have been sampled on more
than one occasion are classified into different station groups when sampled at
different times. A great deal of caution must be applied in interpreting these
results until they can be compared with data from the Silas Bent cruise of Sep-
tember 1975 and the Discoverer cruise of March 1976. However, a preliminary
analysis of the data collected in the fall of 1975 (cruises 811 and 816) seems to
indicate that the-re has been very little change in the structure of the station
groupings (Fig. 7).

The results of the analyses appear to indicate that there is a change
in the infaunal community along a gradient that is related to changes in depth
and sediment grain size distribution.
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APPENDIX I - TABLE I

LIST OF THE STATIONS PROCESSED FROM CRUISE
USNS SILAS BENT, SEPTEMBER 1975 AND CRUISE 816 R/V DISCOVERER

6ULF of ALASKA BEN7HIC GRAB OATA -- $EPTEISSJER-OECEWER  197S

sTAlIOt4-SAUPLE LISTING

CRUISE
CDUI SE
CRUISE
CRUISE

Calsl SE
cRU:sE
CRUISE
cauISE
cRUISE
cfiuIsE
CaIJISE

CRUtst
Cau:$c
[?:!SE
CRUISE
CRUISE
(auIsE

CRUISE
CRU1 SE
calJ~sE

(
CQUISE
CWISE

CRUISE

8,11
811
819
811

811
e17
e~i
811
811
811
811

816
g~b
816

elb
816

8 1 6

STAT ION 501
STATION C02
STATION 003
STATION  004

STATION 005
STATION  0 0 6
STATION 007
STATION 026
SIATJON  02?
STArlON  0 2 8
STATION 030

STATION 031
sTbrfw c32
STAIION 033
S1ATION i3&0
STATION  G41
STATION 062

STAIJON  0.43
S1A11ON 048
STA11ON 049
SIATIO!J  0 5 0
STA71ON 051
STATIOW 0 5 2
sl/.TIo!4 0 5 3
STA1!OU 0 5 6
S1AI1ON 057
STA11ON 0 5 8
S1ATION 02S

STA11ON 0 3 9
STATION 044
STATION  048

STATION 054
STA11ON 055

STA11OM 059

TOTAL Nun8ER OF STATIONS ●

TOT CNT TOT UUGT

176;
2 3 0 .
2 6 4 .

208.
724.
3?3.
2 0 7 .
300.
2 7 2 .
9 0 5 .

4 9 2 .
206.
31s.
406.
722.
914.

556.
143.
325.
208.
14?.
9?.

718.
795.
635.
82?.
498.

170.
499.
755.

528.
463.

15$.

34.

34:166
20.~50
11.825

5.719
2.154
S.132
0.953
1.321
3.371
4.too

9.733
6.?57
2.672
4.947
6.960
?. 362

5.630
4.303
8.699
9.029
9.928
1.991

10.607
9.717
8.935
?.189
2,4S3

1.36?
2.568
3.212

98.510
22.591
1.011

811
NOVEMBER-DECEMBER 1975

03104t?7 PAGE 1

CNTtSQU
33~*
232.
460.
264.

416.
1448.
740.
518.
609.
544.
905.

984.
412.
630.
812.
1444.
914.

1112.
286.
650.
416.
294.
194.

1436.
1590.
1270.
1654.
498.

3L0.
980.
755.

1356.
463.

302.

UUGT/SQM
3 5 . 4 2 3
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APPENDIX I - TABLE II

LIST OF SPECIES IDENTIFIED FROM SAMPLES COLLECTED DURING CRUISE 811
usNs S.ILAs BENT 5EpTEMBER 1975 AND CRUISE 816 R/V DISCOVERER NOVEIIBER-DECEMBER 1975

GULF  OF  ALASKA BENTHIc GRAEf DATA -- SEPTEMEER-DECEHBER .1975

LIST Of ALL TA~ONOHIC G R O U P S  fOUNO

Ca:TERIA 1- TAXON OCCURS  IY 50 PCY O R  f40RE O F  S T A T I O N S
CRITEQIA  z- AT LEAST 10 PCT OF IND1V1OUALS AT SOME STATION
CRIIERIA 3- Al LEAS?  10 PC7 OF MET S 1 O M A S S  A T  S O M E  S T A T I O N

TAxON NAME

PORlfERA
MVDROZOA
AN7hOZOA

PENNATULACEA  VIRGULARIIOAE
ZOANTHINIARIA

R14YNC140COELA
NEHATOOA

POLVCHAETA
POLYVO!OAE

ANTIfJOEL1.A  MACROI.EPIOA
ARCTE091A
ARC1E061A  SPINELYTRIS
EuNOE DEPRESSA
GATIYANA  ORUNNEA
GATIVAMA IPHXONELLOIOES
GATTYA$JA TREAOUELLI
HARHOTHOE  S P
J4SR140TliOE IM8R1CATA
LEPIOONOTUS SQUAMATUS

03/04/77 PAGE 2

CR I TER IA  4- ABUNDANT  WRT No-
CRXTERIA S-

INDIVIOIJALS AT SO~E S T A T I O N
ABUNOANT URT TOTAL BIOMASS AT SOME STATION

CRIT1 CRIY2 CRIT3 CRXT4  CRIT5 STA OCC

x

x

x x x 10
7
1

x x 11
x x

2:
x

x 3:
11

1
1
4
2
2
1
3
1
5

POLY!IOE  GRACILIS
POLVNODONJIOAE

PEISIOICE S P
PE1S1OICE  ASP6RA

SIGALIOKIDAE
PHLOE  HINuTA
STIiENELAIS FUSCA

6UPROS1N1OAE
EuPHROS!NE ARC1[CA
EUPHROSINE fEICIRRA’

PHYLLODOCIDAE
ANAITIOES
ANAITIDES GROENI.ANI
$NAITIDES MUCOSA
ANAITIDES MACULATA
ETEONE  S P .
ETEO$JE LONGA
EULALIA S P
EULALIA BILINCATA

HESIONIDAE
OPHIODROMUS  PUGETTENSIS

PILAR1G1OAE
SIGAMBRA  TENTACULATA

$YLLIDAE
“  SYLLI$  sPONGIPHILA

TYPOSYLJ.IS 5 P .
TYPOSYLLIS ALTERNAIA

.TYPOSYLLIS ARMILLARIS
TVPO$YLLIS AOAMANTEA

x

A

lCA

x

2
1
1
1
9
3
?
3
0
1
1
1
3
1
1
4

;
1
1
0
2
0
1
6
1
9
ii
2
1



G U L F  OF A L A S K A  BENTFAIC GRAB OATA - -  SEPTEMBER-DECEMBER  ‘1975 031041?? PAGE 3

P
w
M

LIST OF ALL TAXONOMIC GROUPS FOUND

C R I T E R I A  1- TAXON OCCURS IN SO PCT OR MORE OF STATIONS
CQITERIA 2- AT LEAST 10 PCT O F  I N D I V I D U A L S  A T  S O M E  S T A T I O N
CRI TER IA  3-  AT  LEAST  10  PCT OF WET B IOMASS  AT  SOHE S T A T I O N

IAXON COOE T A XO N NAME

4t~q223512:0
483122260200
4.&!2122c70300
420122C72630
48L)lz3cJco!lo13
4~Gl  230LCCC0
4gc12304C3cJ()
4g51z3fJ45Llyo
43C12313L0530
4a~123(jt;log
L3C1240CCC30

4?212401:!200
48C12LC102C3
4e?12&Tllc5co
4?G124C1C400
4?I212LO1O5CO
42312L01C430
&8S124$2CS2!l
Leo12Lc3c200
48012SOCC.000
48C12502C133
48C1?5C2C3LIIJ
4?c126ccctoo
4e;126DICcoo
4gQ12501cloo
48C1270CC200
4?,2127010100
&85127010300
&tc12?c201co
48312?020290
~~~lzs~~o~oo
fl.s2129913000
4?I?1Z!)C12190
gg312q:13200
4?!112931C3S0
L8C12801O5CO
48512933!?’200
482129!)1C9!3Q
48212921C2CI0
&g~1290~c&oc)
&&c139000c.oo
48C13901O3OCI
48’3133C101CO
4a2133010500
4Eic13:c!12603
~ggl 3’3021J29~
4E(2132DCGOC0
48013201GOO0

TypoSyLLIS  VARIEGATA
EUSYLI.lS BLOMSTRANOl
EXOGONE SP
EXOGONE VERRUGERA

NERE1oAE
NERE1$ S P .
NEREIS PELAGICA
NEREIS PROCERA
NEREIS ZONATA
CERATOCEPHALE  LOVENI

NEPHTYIDAE
NEPTH’fS S P .
NEPHTYS CI1.IATA
NEPHTVS CAECA
NEptiTYS CORNUTA
NEPtlTYS PUNCTATA
NEPHTYS RICKETTSI
PICRONEPTHYS S P
AGLAOPHOMUS RUOELLA ANOPS

SPHALERODORIDAE
SpMAEROOOROPSIS  MXNUTA
SPHAERODOROPSI$ SPAAAERULIFEA

GLYCERIDAE
GLYCERA  S P .
GLYcERA  cAp;rArA

GONIADIOAF
GLYCfND6  pIc7A
GLYCINOE  ARMIGERA
GONIADA ANNULATA
GOI’41AOA MACULATA

ONiApHIDAE
ONUPHIS SP.
0NUPt41S  CONC14YLEGA
ONUPHIS GEOPHILIFORHIS
ONUPHiS I R I D E S C E N T
ONUPHIS PARvA

EuNlcIDAE
EUNICE 5P
EuNICE  VALENS
EUNICE  KOBIENSIS

LUQCBRINERIOAE
LuM!3RINEREIS  S P .
LuMflRINERE[$ BICIRRATA
LUHBRIF:EREIS SIMILABR1$
LUMflRIIUEREIS ZONATA
NINOE  GEMFIEA

4RABELLIOAE
ORILONEREIS S P .

CRITERIA 4- ABUNOANT WR?  N O . XNOIVIOUALS  AT  S3~E sTArxON
CRITERIA 5- ABUNOANT wRT  TOTAL B IOMASS  AT  SOMS STAT ION

CRIT1 CRITZ  CR1T3 CRIT4 CRITS STA OCC

x

x

.

x

x

x

x

x

x
x

x

x

1
1

x 5

:
5
4
2
5
1
s
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6
2
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x

x

x

x
x

20
1

o
1
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LIST OF ALL TAXONOM!C GROUPS FOUND

C R I T E R I A  1- TAXON O C C U R S  IN SO PCT OR f40RE OF STATIONS
CRITERtA 2- AT LEAST 10 PCT OF  INDIV IDUALS  AT  SOllE. S T A T I O N
CRI TER IA  3-  AT  LEAST  10 PCT OF UET BIOMASS  A T  S O M E  S T A T I O N

TAxON CODE TAxON NAME

DRILONEREIS FALCATA  M I N O R
DORVILLE!DAE

00RVILLEA PSEUOORUBROVITTATA
PARAOX!OAF

HAPLOSCOI.OPLOS ELONGATUS
AR1C1OEA SP.
ARICIOEA SUECICA
ARICIOEA JEFfRl?YSI1
PARAONIS  S P .
PARAONIS  GRACILIS

SPIONIOAE
LAOtlICE CIRRATA
POLYDCQA Sp.
PRIONOSPIO  5 P .
PR1ONOSPIO CIRRIFERA
EOCCARDIA  NATR!X
SPIOPHANES 170M9YX
SP1OPHANF$ KROVER1
SPIOPHANES CIL!RAIA
PYGOSPIO  ELEGANS

flAGELONIDAE
MAGELONA JAPONICA
MAGELONA PACIFICA

CHAETOPTERIDAE
SpIOCHAETOPTERUS sp,
SPIOCtAAETOPTERUS COSTARUM

CIRRATULIGAE
Tl+kRYx  S P .
CI+AET020?JE  SETOSA

FLABELL!GERIOAE
B R A D A  5 P .
BRAOA uILLOSA
FLAFIELLIGERA AFFINIS
PHERuSA  5 P .
PHERuSA PPPILLATA
PHERuSA PLUMOSA

SCAL1BREG’+1OAE
SCALIBREGMA  lNFLATUM

OPHELIIO~E
AHMOIRYPANE  AuLOGASTER
TRAvISIA BREVIS
TRAvISIA FORBESII
TRAvISIA PUPA

STERNASPIDAE
STERNASPIS SCUTATA

CAPITELL1OAE
CAPITELLA 5 P
CAPITELLA CAPITATA

CRITERIA 4- AEJUNOANT  WR7 N O .  lNOIvIOuALs  A T  so~E  S T A T I O N

CRITERIA 5- ABUNOANT URT T O T A L  810MASS  AT SO~E S T A T I O N

CRIT1 CRIT2 CR1T3 CRIT4 CRIT5 STA OCC

.
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.

x

x

x
x

x

x

x

x x x
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1
0
4
3
8
3
1
s
2
9
2
1
1
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7
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5
1
0
6
7
0
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4
1
1
2

:
s
1
2
1
1
2
0

2s
1
1

14
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LIST Or ALL TAXONOMIC GROUPS FOUND

CRI TER IA  1- TAXOM O C C U R S  IN SO PCT OR. MORE OF STAT IONS
C R I T E R I A  i?- A T  LEAST 10 PCT OF !NOIVIDUALS AT S O M E  S T A T I O N
CRI TER IA  3-  AT  LEAST  10  PCT OF WET 810F4ASS  AT S O M E  S T A T I O N

TAXON CODE TAXON NAME

NOTO?4ASTLIS LINEATUS
N&LBANIDAE

ASYSCHIS S .
ASVCHIS SIMILIS
MALDANE 5 P .
t4ALQANE SARS1
MALDANE GLEBIFEX
MALDANfLLA S P
MALOANELLA  ROBUSTA
NICOMACME SP-
NICOMACHE LUME!RICALIS
NICOMACHF  PERSONATA
NOTOPROCTUS  SP.
NOTOPROCTUS  PACtF!CUS
PRAXILLELLA GRACILIS
PRAxILLELLA PRAETERNISSA
RHOOINE  BIRORQUATA

OUENIDAE
OWFNXA fUSIFORMIS
MYRIOC14ELE  5P
I4VR1OCHELE HEERI

SA9ELLAR1DAE
IOANTHYRSU~ ARMATUS

PECTINAi41DAE
AMPMtCTENE  AURICOHA
CrSTENIDES 8REVICOE4A
CISTENIbES HYPERBOREA
PECTINARIA S P .

AMPHARETIOAE
AMAGE ANOPS
AMPHARETE  SP.
A!.IPHARETE  ARCTICA
AiUPHARETE  ACUTIFRONS
AMPHICTE:S 5P
AMPlilCTEIS ALASKANA
Af4PHICTEIS MACRONATA
LVSIPPE LABIATA
MELINNA  5 P
MELI!JNA  CRISTATA
MELINtJA  E L I Z A B E T H A

TEREBELLIDAE
PISTA SP.
PISTA CRISTATA
PISTA FASCIATA
PISTA PACIFICA
POLYCIRRUS  S P .
ARTACAt4A CONIFERI

TRICH08RANCHIDAE

C R I T E R I A  4- ABUNOANT WRT NO.  INDIV IDUALS  AT  S3~E  S T A T I O N
C R I T E R I A  5- ABUNOAN1 URT T O T A L  B I O M A S S  A T  SOHE S T A T I O N

x

.
x

x

x x

x

x

x

CRIT1 CRI,T2 CRiT3 CRIT4 CRIT5 STA OCC

1
x 21

:
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12
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1
2

:
z
1
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9
6
0
8
1
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0
5
0
3
4
1
1

11
3
8

19
z
2
1
2
7
1

77
4

10
7

16
1
1
1
4
1

x
x

x
x

-x
x

x
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LIST Of ALL ?AXONO~IC  GROUPS  F O U N D

CRITERIA 1- TAXON  OCCURS IN 50 PCT OR MORE OF S T A T I O N S
CPITFRIA 2- AT LEAST 10 PCT OF INDIVIDUALS AT SOflE  S T A T I O N
CQITEAEIA  3- Al LEAS1 10 PCT OF UET 010f4ASS  AT SO14E S T A T I O N

lAxON CODE TAXCJN NAME

TEREBELLIDES  STROEF411
l*1CH013RANcMUs  GLACIALIS

SABELLIOAE
; CHONE 5P.

CHONE GRACILIS
CIiONE INFUNOIBUL1fORMIS
EUCMOIJE ANALIS
MEG4LOMMA  SPLENOIDA
POTA!411.LA 5P
POTAMILI.A  NEGLECTA
PSEUDOPGTAMILLA RENIFORHIS
SABELLA CRASSICORNIS
fABRICIA,SP

SERPULIOAE
CM1llNOPOMA GROENLANOICA
CRUCIGERA  lRREGULARtS
$ERPuLA vERRICULARIS
SPIROR!31S  5P

APIIRODITIOAE
APHRODITA  JAPONICA
APHROO1tA  PARVA

COSSURIOAE
COSSURA LOMGOCIRRATA

A!4PMINO$!1OAE
CHLOEIA  5 P .

OLIGOCMAETA
ARCMIANNELIDA

MOLLUSCA
APLACOPIAORA

CNAETOOERMA  ROBUSTA
POLYPLACOPHORA

ISCI+NOCMITON  AL8US
MOPALIA 5P

PELECVPOOA
NUCULA  TENuIS
NUCLILAF4A  S P .
NUCULANA PERNULA
NUCULANA HINUTA
NUCULANA CONCEPTI’ONIS
YOLOIA  S P .
YOLOIA AMYGOAIEA
YOLDIA SCISSURAIA
YOLOIA SECIJNOA
MvIILUS EOULIS
CRENELLA OECUSSATA
MEGACRENELLA COLUMBIANA
MUSCULUS  NIGER
OACRYDIUM V11REU!4

031041?7 PAGE 6

CRITERIA 4- AL3uNOANT URT NO. lNOIVIOUALS AT S2~E STATION
CRITERIA 5- ABUNOANT  URT TOTAL BIOMASS AT SOHE SIATION

CRIT1 CRIT2 CRIT3  CRIT4 CRIT5 STA OCC
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x
.

x

x

x
x x x

x x x
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x x

x x
x x

x x x

x x

. x
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2
1
1
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1
1
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5
1
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GULF OF ALASKA BENTHIC GRAB DATA ‘- SEPTEMBER-0ECEM9ER  1975

LIST OF  A L L  TAx0N0t4xC  6R0UPS FOUNO

CRITERIA 1- TAXON  OCCURS IN 50 pCT  OR MORE OF STATIONS
CRITERIA  2- AT LEAST 10 PCT OF INOIVIDUALS  AT SOME STATION
CRITERIA 3- AT LEAST 10 PCT Of NET BIOMASS AT SO14E STATION

tAXON NAME

HoetoLus MObIOLUS
pR~pEAMUSSIUM ALASKENSE
OELECTOPECTEN  RANDOLPH1
LIMA HYPERSOREA
ASTARTE SP.
ASrAfFTE ALASKENSIS
ASTARTE MOtJTEGUI
ASTARIE P O L A R I S
CYCLOCAROIA VENTRICOSA
CYCLOCAROIA CRE6RICOSTATA
AXINOPSIOA  SERRICATA
THYASIRA s p
tHYASIffA FLEXUOSA
HVSELLA S P .
OOON1OGENA BOREALIS
CLIrJOCARDIUM SP.
CLINOCAqOIUM  C!I.IATUH
CLINOCAROIum  tJu7TALLlI
SEaRIPES L4pERousxx
COMPSOMYAX  SUBOIAPMANA
PSEPHIOI# LOROI
$PISULA POLVNYHA
MACOMA SP.
FIACOMA CALCAREA
MACOF’lA BaOTA
MACOMA MOESTA ALASKANA
SILIOUA ALl&
FFIATELLA ARCTICA
PA?JOORA FILOSA
PANDORA RILIRATA
LYONSIA NORVEGICA
CAROIOMVA S P .
CARO1OMYA PECTINATA
CAROIOMVA  PLANETICA
CARO1O?IVA OLOROVOI

6ASTR0PODA
PuNCTURELLA  SP
PUNCTURELLA  COOPERI
CRYPTOBRANCIAIA  CONCENTRtCA
LEPETA  CAECA
SOLARXELLA  S P .
SOLARIELLA  OBSCURA
SOLARIELLA  vARIcosA
ALVINIA SP
ALVINIA CONPACTA
TACHYRYNCHUS  RETICULATES
CALVPTRAEA  FASTIGAIA
NATICA 5P.

03f041?t PAGE 7

CRITERIA 4- ABUNOANT URT NO. INOIV:OIJALS  AT S3UE STATION
CRITERIA S- ABUNDANT WRT TOTAL EIOMASS AT SOME STAT!ON

CRIT1  CR1T2  CRIT3 CRIfL  CRIT5 STA OCC
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2;

x x 24
1

.
2
1
1
1

x x 22
1
2
s

x, 1
9
1
2
s

x x. ;
“1
13
2
4

14
2
1
1
2

x
1
4
2
1
1
4
1
1
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6uLf of ALA5KA BENTHxc GRAB DATA-- SEPTEMF3ER-DECEM8ER  197S

LIST OF ALL TAXONOHIC GROUpS F O U N D

CRITER!A  1- TAXON  O C C U R S  IN 50 pcl OR M O R E  O F  ST A TI ON S
CRITERIA 2- AT LEAST 10 PCT OF IND!VIDUALS A T  S O M E  S T A T I O N
C R I T E R I A  3- AT LEAST 10 PCT OF wET B1OMASS AT SOME STATION

TAxON CODE 7AXON NAME

NATICA  CLA U S A
POLINICES S P .
POLINICES NANUS
POLINfCES PALLIOUS
TRORHONOPSIS  LASIUS
COLUS S P
AMPHISSA  COLUMBIANA
MITRELLA ROSACEA

TuRRIOAE
SuAVObRtLLA
SULVODRILLA  uILLETT1
MANGELIA  ALEuTICA
OENOPOTA S P .
OENOPOT& OECUSSATA
LORA ITETICULATA
000STOMIA S p .
TuR90N1LLA S P .
@ETuSA 09TUSA
OIAPtiANA  SP
CYLICHNA  SP
CYLICHNA  ALEFA

$CAPHOPOOA
oENTALIUN S P .
OENTAL!UM  DALL1
OEtATALIUM  lNVERSUM
CAOULLIS  SP.
CAOULUS STEARNSI
CAOULUS TOLF!EI

PYCNOGONIOA
PSEUOOPALLENE C I R C U L A R I S

CRUSTACEA
POOOCOPA
ORAIUCHl(lRA

ARGuLUS  SP
THORACICA

BALANUS  CRENATUS
CUHACEA

LA14PRO$IOAE
LANPROPS  QUAORIPLICATA
LAMPROPS SERRAYA
HEMILAMPROPS  S P

LEUCON!DAE
LEuCON  SP.
EUOORELLA SP.
EUOORELLA EMARGINATA
EUOORELLA PACIFICA
EUOORELLOPSIS  INTEGRA
EUOORELLOPSIS  OEFORHIS

03104177 PAGE 8

CRITERIA 4- ABUNDANT uRT NO. INOIVIOUALS AT S2~E STATION
CRiTERIA 5- ABUNOANT URT TOTAL B1OMASS AT SOME STATION

CRIT1 CR1T2 CRIT3 CR1T4 CRITS STA OCC

x

x

x
x

x

x

x

2
1
2
3
4
1
4
1
1
s
4
2
t
1
7
0
n

12
1

14
17
11

0
1
2

19
1
1
1
1

13
2
1

;
1

19
3

20
5
2
1
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GULF Of ALASKA 8ENTHIC GRAB DATA -- SEPTEM9ER-DECEMBER 1975

LIST OF ALL 7AXONOMIC  GROUPS fOUNO

CRITER IA 1- TA XON OCCURS IN 50 PCT OR MORE OF STATIONS
CR;TE91A 2- AT LEAST 10 PCT OF INDIVIDUALS AT SOME STATION
CRITERIA 3- AT LEAST 10 PCT OF uET BIOMASS AT SOME ‘STATION

TAXON COOE

53?B25DOC920
S32EC5C1G!IO0
532805C1C3C0
532805011500
s32ec5012sco
5328G5G12600
532E!25:2000il
S328S50201G0
532?C70COC23
S322C701OC)3O
S32207O1O1CO
5522C7S193C0
5323:7C1COC0
5329C29GCCO0
5~29010cC:00
5333’?:CCC2C0
5S33C102O3CIO
53Z33133C1OO
533T?50112300

5331C2012000
5331G201O12O
5331C2CIC2C!0
s331c21?lc500
5?3102O2OC9O
S331C2@?~200
5331C20331C3
S331GL!):22!)0
5331s701cllco
53311209g150
S33115:CCCC0
533115039CO0
S3311SOS0190
S33120CCOOO0
553125G1099O
5331201327C0
533121229020
533121085900
5331~lo8!21co
S331>10d02C0
S331211C2000
533121150209
S33122040200
5331260C9900
53312b020000

TAxON NAME

OIASTYLIOAE
DIASTYLIS
OIASTY.LIS
DIASTYLIS
DXASTYLIS
OIASTYLIS

5P.
BIOENTATA
PARASPINULOSA
C F .  O .  TETUADON
LORICATA

03!04177 PAGE 9

CRITERIA ~- AeUNOANT URT NO. INOIVIOUALS  AT S3~E STATION
CRITERIA S- AEIUNDANT WRT TOTAL BtOMAS$ AT SO*E STATION

CRtTt CRXT2 CRIT3 CRIT4 CRIT5 STA OCC

OIASTYLOPSIS S6
OIASTYLOPSIS DAwSONI

CAt4pyLASpIDAE
CAMPYLASPIS S P
CAMPYLASP15  RurA
CAI!PYLA$P2S RUEIICUNOA
CAMPYLASPIS UMA3EMS1S

fANAIDACEA
TANAIDAE

lSOPODA
ARCTURU$  GLA8ER
CALAThURA  BRANCHIAIA
AEGA 5P
ROCINELA  BELLICE”P$
GNATIAIA S P .

ANTHURIOAE
AA4PHIP00A x

AMPELI$LA S P .
AMPELISCA MACROCEPHALA x x
AMPELISCA BIRULAI
AMPELI$CA ESCNRICHT1
BYBLIS 5 P
@YaLIS GAIPARDi
AAA?LOOPS TUBICULA
AMPITHOE
ARGISSA HAMATIPES
OLIGOCHINUS  LIGHTI

COROpH1lOAE
ERICTtAONIUS 5 P
NEOHELA  MONSTROSA

6uSIRIOAE
ACCEDOMOERA
RHACHOTROPIS  OCULAT~

GAMMARIQ4E
MAERA $P
51AERA OANAE
M AE RA LOVENI
MELITA  5P.
MELITA OENTATA
UROTHOE  oENTICULATA

ISAGIOAE
PHOTI$ 5P.

x

x
x

x

x

11
2
2
9
1
1
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GUtf of ALAsKA SENTMIC  GRAB oA7A ‘- SCpTENfEER-0ECEMBER”1975

LIST Of ALL TAXONOHIC  GROIXPS FOUNO

C@lTERIA 1- T A X O N  O C C U R S  I N  50 PCT OR 140RE oF STAT1oN$
CRITERIA  2 -  A T  LEAST 1 0  PC1 O F  INOIVIOUALS A T  SOME STATION
CRtlERIA  3- AT LEAST 10 PCT Of UET B1OA4ASS AT SOHE STATION

lAxON  COOE TAXOU  NAME

533126!)20200
533126C30900
S3313302339~
S33134CC2209
S331340300C0
533IS4C321OO
53313&C30200
S3513&231220
$53f34~31339
5131341101co
s3313414caoo
53313~140530
51313~lL9e30
S331:421S:90
53313~21C~oo
S33:34290C03
53313L292700
s3313~3921co
533135310C30
53313SC121C0
533: 57f3:Q99(3
5331370?C1L!0
s331:7:s@320
S3313?0S:220
5$3137052*00
533137C9C500
533137c&0500
ss313?ce:500
5331$7583990
533J37c8Jt30
53313?159290
53314OO1O1CO
S33740!323100
533140633309
5331623CC’190
533142cIG2co
533162020100~3~1420301co
5331L2Q?O?O0
533142~?O100
5331420?:250
533142022290
533143:33CO0
53314Z05C:OCJ
SsslLeccccoo
$331~i?C20300
53311.80201C0
533150000000

PMO~I$ Cf. P. REIPAMARDJ
PROTOMEOEIA  SP.
LILJEBOUGIA

LVSIANASSIDAE
ANONVX  SP.
ANONYX oCHOTICUS
ANONYX NuGAX
ANOtJYX Ct. A. LAT!COXAE
ANONYX MAGNUS
CVPHOCARIS  CUALLENGERI
MIPPOMEOON SP
141PPO#YEOON  PROPINQUUS
HIPPO!4EOON KURILICUS
LIP1OEPECREU!4  KASATKA
LEPIOE?ECREUC4  COMAT4ZA4
ORCHOaENE  SP.
ORCHCMENE  LEPIDULA
SCHIS7URELLA  PuLc14RA
MELPH1OIPPA SP
!4ELPH101PPA  GOESI

OEDICEROTIDAE
ACERO1OES LAltPES
BATHYY4EDON Sp.
BAT14YXEOON LANGSOORFI
eATHYMEOON NANSENt
MONOCULOOE$  SP.
MONLYCLAOES OIAMENSUS
MOIIOCLAOES  LAIIflANUS
MONOCLAOES MERTENS1
MONOCLAOES ZERNOVI
UESTUOOOILLA COECULA
HALICE ABYSSI
NICIPPE TUMIOA
PARAOALISCA  TENUIPES

PMOXOCEPHALIOAE
HARPINIA  KOEIJAKOVAE
t4ARPlNIOPSlS  SANPEOROENSIS
METEROPHOXUS OCULATUS
PARAPHOXUS  SP.
PARAPHOXUS  RO13USTUS
PARAPHOXUS  SIMPLIX
PHOXOCEPHALUS
PARAPLEUSTES ASSIMILIS
s7t~~oPLEASlES  UNCIYGERA

STENOTHO1OAE
14ETOPA SP.
klETOPA ALOER1

SVNOPIIOAE

03/3617? PAGE *O

CRITERIA 4- ASUNQANT WRT NO. INOIVIOUAt.S  AT S3~E STATION
CRITERIA 5- A13UNOANT URT TOTAL BIOMASS AT SOW STATION

CRITt CRIT2 CR1T3 CRIT4 CAEITS STA OCC

x

x

x
x

x

14
19

:
5
1
1
1
2

Ii?
2
1
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GULF OF ALASKA 9ENTHIC GRAB DATA -- SEPTEMBER-DECEMBER 1975

LIST OF ALL TAXONOM!C  GROUpS fOUNO

CRITERIA 1- TAXON OCCURS IN 50 PCT OR MORE OF STATIONS
CRITERIA 2- AT LEAST 10 PCT OF lNDIVIDUALS AT SOME STATION
CBITfERIA 3- AT LEAST 10 PCT OF UET BIOMASS AT SOME STATION

TAxON CODE TAXON NrIME

SYRRHOE CRENULATA  .
TIRON  BIOcULATA
PARATHEH]STO  5 P

CAPRELL1OAE
EUPXXAUSIACEA

EUPHAUS11OAE
THYSAti13ESSA  SP
THYSANOES3A  INERMIS
lHYSANOESSA  RASCH1l

OECAPOOA
H1PPOLYTIOAE

EUALUS  AVINA
CRANGON .COMMUNIS
PAGuRUS 5P.
OISCORSOPAGURUS  SCHE!lTTI
CHIONOECETES  SP.
CANCER OREGONENSIS

SIPUNCULIDA
GOLF!NGIA MARGARITACEA
GOLfINGIA  VULGARIS
PHASCOLION STROP!B1

PRIAPULIOA
PRIAPULUS CAUOATUS

ECTOPROCTA
CLAVIPORA OCCIOENTALfS

BRACH1OPODA
ARTICUI.ATA

TERELIRATUI.INA 5P
TERERRAIuLINA  .U!iGUfCULA
TERFRRATULINA  CROSSEI
OIESTOTHYRIS  FRONIALIS
LAOUEUS CALIFORNIANUS
TERERRATALINA TRANSVERSAL

EC14:NOOERMATA
ASTEROIOEA

PSEUOARCHASTER PARELII
PORCELLA*IASTER!OAE

CTENODISCUS  CRISPATUS
ECHINARACHNIUS  PARMA
BRISA5TER  TotiNsEtJOx
ALLOCENTROTUS  FRAGILIS

OPMIUROIOEA
OIAMPHIOOIA  CRATEROOMETA
UN1OPLUS !4ACRASPIS
GORGONOCEPHALUS SP
OpHIOPHOLIS  ACULEATA

OPHIURIOAE
opHIOpENIA OISACANTHA

03Jok177 PAGE 11

CR[lERIA 4- ABUNDANT URT NO. INDIVIDUALS AT S5*E  STATION
CRtTERIA  5- AeuNoANT  UR7 TO T A L  B I O M A S S  A T  S O M E  sTAl;ON

CRIT1 CRIT2 CRIT3 CRIT4 CRITS STA OCC

x x x
.

x

x x x
x

x

x

x x

x x
x

x x
x

1
1

:
0
1
1
1
1
2
1
1

:
1

10
1

2!
10
13

3
2

x 15
6
0

x s
1

x
:
1

x 8
x 2

0
4
1
1

x x x 19
1

x x x 9
1

16
5

x xx 21
1



GULF  OF  ALASKA BENTHIC GRAB DATA - -  SEPTEH9ER-DECEMBER  197S

LIST Of ALL TAXONOMIC G90UpS  FOUND

CRITERIA 1- TAxON OCCURS IN 50 PCT OR MORE OF STATIONS
CRJrERIA 2- AT LEAST 10 PCT Of INDIVIDUALS AT SOME STATION
C@IltuIA 3- AT LEAST 10 pCT OF uET B1OMASS AT SOME STATION

TAxON CODE

680309061130
6e9309280!JGo
68c4c!2cccClco
6EC4059131C0
68C41CC101CO
62241222ZC!J0
68C550C33CD0
7232!2C(ICO090
9~G950009zoo
999999999930

TOTAL  NUMBER

TAXOM NAME

OPHIURA  SARSI
STEGOPt41URA  S P

MOLOTHURO1OEA
MOLPAOIA INTERMEOIA
CUCUMARXA  CALCIGERA
PSOLUS S P .

CR1NO1OEA
uROCHORBATA
EGG CASES
UNIDENTIFIABLE

O f  TAXONS  ●  457

03134)77 PAGE 12

CRITERIA 4- A8UNOANT URT NO. INOIVXOUALS AT S3WE STATION
CRITERIA 5- ABuNOANT URT TOTAL BIOMASS AT SOME STATION

CRIT1 CR1T2 CR1T3 CRIT4 CRIT5 $TA OCC

x x x x x 30
6

x x 9
x x x 19

7

x
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STATION GROUPS DELINEATED BY CLUSTER ANALYSIS BASED ON THE NUMBER OF INDIVIDUALS PER SQUARE METER. FEEDING
TYPES AS FOLLOWS: DF = DEpOSIT FEEDER, E = ECTOPARASITE,  F = FREDATOR,  S = SCAVENGER, SF = SUSPENSION
FEEDER.

m *$lXaati s& ~t
# M* # #wr*ity ~ l’ulwqgty ZGXRI ~ ZSQt ~lar. “M?eM@gTwe, ,

,..,
,.,

‘$iqpw MMimlk91k@ “’ ‘ .  ‘- ‘“
*“ X93?%’: I.*W *713

2* “ xi!w2 &..z59 ;  e.@3T
.*$ . 2fMM# %.Z84 iB.iw3
w .,, 2WJ!53 ‘ $.-7 *O ?52
11 193@s!$ 1.1(34 @. $25
26 w5f$5s I.w$ $$.895

9 19305@ 1.098 0.933

~E8t&~ Gr~ 2

193041 1 ● 012 (3.727

z: 193042 1.021 0.683
m

StatIon Group 3

15 200057 1.416 0.824

Station Group 4 (Shelf Break Group)

3 193026 1.292 0.902
7 193044 1.335 0.884
2 193006 1 ● 507 0.870
8 193048 1.407 0.901

35 807027 .871 0.583

Stat.ton  Group 5

1 193003 0.993 0.991
23 805051 0.987 0.881
38 807052 0.948 0.936

0.127
0.135

T r -
Txms
‘hwMk

,’ ‘6
‘o

0
Trace

Trace
Trace

0.31 49,57 50.12
10.5$ 58.88 30.54

0.047 26.59 14.20 29.39 26.83

0.039 4.32 8.47 53.64 33.57
0.040 3.01 50.64 22.95 23.40
0.031 6.27 37.69 23.42 32.62
0.033 19.95 15.54 33.51 31.00
0.279 13.17 10.49 43.46 32.88

0.061 Trace 0.40 31.92 67.68
0.071 0. 0.27 39.54 60.19
0.052 Trace 0.44 37.83 61.72

}
,,,’ ‘,,

SP.ks

DF 50%, SF 24%
P 17%, s 92

SF 38%, DF 34%
s 20%, P 8%

SF 32%
s 30%
DF. 26%
P 12%

* The first three digits of the station code represent the cruise number
and the last three represent the station name, i.e. 193003=Cruise  193
Station 3.



APPENDIX I - TABLE III (cent’d)

ID Brillouin Simpson Sediment
# Station, # ‘ Diversity Evenness Diversity ZGravel %Sand %Silt %Clay %Feeding Type

S t a t i o n  Group  6“(InShore Group  11)

33 807025
37 807050
4 193032

18 805032
19 805040
36 807028
20 805041
22 805049
17 805031
31 807004
34 807026
30 807002
32 807005
21 805042

z-d
Stat ion Group 7

25 805054
2 9 805058

Station Group 8 ,
. .

27 8oi656
. ‘. .,.

,.~, * ,-..J
Sta~$on Group 9

‘“ *<:” ““‘y ‘w -* : :’~~+- *’” ““
28 805057

24 805053
39 807053
16 202001 “

1.015
1.032
1.223
1.388
1.212
1.177
1.086
1.203
1.133
0.985
1.088
1.282
1.072
0.902

0.940
0.883

1.311

,

*.
1.189

0.817
0.463
0.707

0.906
0.886
0.931
0.925
0.892
0.851
0.811
0.847
0.883
0.830
0.871
0.941
0.767
0.863

0.765
0.692

0.265
., ,
.’

0.941
G,, ‘

0.886
1.000
0.902

0.062
0.070
0.036
0.028
0.048
0.064
0.088
0.065
0.060
0.094
0.067
0.027
0.109
0.091

0.158
0.185

,.

.0.30;
“$

0.031

,; ,.

0.093
0.107
0.105

1.18
Trace
Trace
Trace
Trace
0.27

Trace
o

Trace
Trace
4.32
0
3.12

Trace

o
0

24; 39

26.59

0
0

Trace

44.96
2.50
0.42
0.42
0.23
6.87
0.31
7.71
1.68
0.42
8.47
3.35

16.84
10.58

33.42
33.30
51.09
51.09
44.53
52.66
49.57
49.53
62.70
30.70
53.64
33.85
20.25
58.88

20.44
64.20
48.49
48.49
55.24
40.20
50.12
42.75
35.62
68.87
33.57
62.80
59.80
30.54

27.94 43.47 28.59
3.41 47.00 49.59

42.49 18.05 15.07
.
$

14.20 29.39 26.83

,...

28.07 46.02 25.91
28.07 46.02 25.91
1.08 37.10 61.82

DF 65%
SF 15%
P 12%
E 6%
s 3%

DF 44%, SF 31%
P 13%. s 13%

P 34%, SF 28%
DF 21%, S 17%
:-

DF 50%, S 25%
P 13%, E 13%-,



STATION

APPENDIX I - TABLE IV

GROUPS DELINEATED BY CLUSTER ANALYSIS BASED ON A NATURAL LOG
TRANSFORMATION OF THE NUMBER OF INDIVIDUALS/M2 DATA

Station Group 1 (Inshore Group I) Stations which do

193052* not join clusters

200052
193042
200050
193055
193050
200053
805054

Station Group
193003
805051
807052
805032
805040
807028
805031
805041
193041
805049
193032
807004
807026
807005
807002
807050
807025

Station Group
193006
193048
193026
193044
200057

.Station Group
805054
807027

Station Group
805056
805057

807042
805053
807053
202001

2 (Inshore Group II)

3 (Shelf Break Group)

4

6

* The first three digits of the station code represent the cruise number.
and the last three represent the station names i.e. 193003=Cruise 193

Station 3.
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APPENDIX I - TABLE V

STATION GROIJPS DELINEATED BY CLUSTER ANALYSIS BASED ON WET
BIOMASS PER SQUARE METER

Station Group 1 (Inshore Group I)
200053*
805049
805054
805056
805051
807052
193055
193050
805040

Station Group 2 (Inshore Group II)
193041
805031
805041
805042
805058
805057

Station Group 3 (Shelf Break Group)
193006
193026
193044
193048

Station Group 4
200050
807050

Station Group 5
200057
807027

Station Group 6
193042
193052

Station Group 7
202001
807004
807028

Stations which do not join clusters
805056
193003
807002
807053
200052
805053

* The first three digits of the station code represent the cruise number
and the last three represent the station name, i.e. 193003=Cruise 193
Station 3.
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APPENDIX I - TABLE VI

STATION GIKluPs DELINEATED BY CLUSTER ANALYSIS BASED ON A
NATURAL LOG TRANSFO~TION OF WET WEIGHT/M2  DATA

Station Gro~p 1 (Inshore Group 1)
fi93041
80503Y ~
805041 ‘ !.
805040
807050
20G053
805054f~ ~~~
8 0 5 0 5 1
807052
193055
80505:5
805049
193050

Station Group 2 (Shelf Break Group)
193006
193048
193042
805042
805058
807027
193026
193044
193032
805032

Station Group 3
807025
807026
807005
200050

Station Group 4
202001
807004
807028
807002

Station Group 5
193052
200052

Stations which do not join clusters
193003
805056
200057
805058
807053
805053

* The first three digits of the station code represent the cruise number
and the last three represent the station name, i.e. 193003=Cruise 193
Station 3. 150



APPENDIX I - TABLE VII

STATION GROUPS FORMED
AND QUAL~TATIVE

Station Group 1 (Inshore
193055
805055
193050
805051
200050
200053
807052
805054
807050
193032
193041
193003
807004
807026
807005
805031
805049
805032
805040
805041
807028

Station Group 2 (Inshore
193042
193052
200052
805042
193029

BY CLUSTER ANALYSIS Oi BOTH QUANTITATIVE ~
STATIONS USING PRESENCE-ABSENCE ~~”

Group I) Station Group 8
193030
805634

Stations which &
not joia cluste~s

807027
$07053
2020Q1
805053
805044
193039
$05039

Group II)

.

Station Group 3 (Shelf Break Group)
193006
193048
193044
193026
200057

Station Group 4 (Deep Water I)
805033
807025
807007

Station Group 5 (Deep Water 11)
193059
805037

Station Group 6
805043
805058

Station Group 7
805056
805057 151



APPENDIX I - TABLE VIII

sPECIES GROUPS DELINEATED BY CLUSTER ANALYSIS BASED ON THE NUMBER OF
INDIVIDUALS PER SQUARE METER. FEEDING TYPES ARE AS FOLLOWS:

DF = DEPOSIT FEEDER, E = ECTOPARASITE, P = PREDATOR, S = SCAVENGER
AND SF = SUSPENSION FEEDER

Station Groups Feeding

ID No. Species Groups ~30% VPe

Species Group # 1 8(70%)

94
132
31

105
111
117
159
160
161
135
34
93
75

146
11
8

108
167
109
19
87
21
23

77
78
13
14
12
4

2
120
22

152

Pelecypoda Astarte esqui?naulti
Amphipoda Ampel~sc~du birulai
Eunicidae Eunice sp.
Pelecypoda  Tlw~acia beringi
Gastropod CyZichna albd
Thorac~ca Balanus rost~atus
Brachiopoda  Tez?rebratul~na frossei
Brachiopoda  Deistrothyr{s  frontalis
Brachiopoda  Laques ealifornianus
Amphipoda Byblis gaimand<
Orbiniidae  HaplosoZoplos  pamensis
Pele~?oda Astarte polaris
Folyplacophora  Isehnoehiton  albus
Amphipoda Paraphoxus robustus
Phyllodocidae Eteone Zanga
Sigaloinidae Ph.loe minuta
Gastropod Amphissa columbiam
Amphiuridae  Pandellia  chczrchara
Gastropoda Amphissa ~e-t<culata
Nereidae  Ceratonereis  paucidentatu
Pelecypoda  Megacrenella columbiana
Nepthyidae Nepthys sp.
Nepthyidae  Nepthys coeca

Species Group # 2 8(40%)

Polyplacophora Hanleya sp.
Polyplacophora  HanZeya hunleyi
Syllidae Sy2Z;s sp.
Syllidae Syll{s  sclerolema
Syllidae
Polynoidae  h’arwothoe  imbricata

Species Group # 3 9(51%)

Polynoidae  Ga-ttyana iliata
Cumacea Leucon nus<ca
Nepthnyida&Nepthys  ciliata
Decapoda Z’jnnixia occ<dentalis

SF
s?
DF
SF
P
SF
SF
SF
SF
s
DF
SF
DF?
s
P
s
P
DF
P
P
SF
P
P

DF
DF
P
P
P
s

s
DF
P
s
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TABLE VIII (cent’cl)

Station Groups Feeding
ID No. Species Groups 30% Type

139
148

125
145
66

119
73
80

25
85

46
128
32
35

67
110
54

69
114
72

130
3

100
125
57
65
18
60

Species Group # 4

Amphipoda Hippomedon  propinguus
Amphipoda Phoxocephalus sp.

Species Group # 5

Cumacea Diastyl<s hirsata
Amphipoda Heterop?wxus  oceulatus
Terebellidae  Arcteeama  conift?ra
Cumacea Leucon sp.
Sabellidae PotwniZla ne~lecta
Pelecypoda  Malletia cuneata

Species Group # 6

Nepthyidae Nepthys Zongasetosa
Pelecypoda Yoldia amygchiea

Species Group # 7

Scalibreamidae  Travista sp.
Isopoda Gnathia sp.
Lumbrineridae Lumbrineris sp.
Paraonidae Aricidea suecica

Species Group # 8

Terebellidae  Proclea emmi
Gastropoda Oewpota sp.
Maldanidae Prar-illella sp.

Species Group # 9

Sabellidae Chone gracilis
Amphipoda Ralosoma sp.
Sabellidae Megalommu  splendida
Amphipoda Aeanthonatiozoma inflatum
Polynoidae  Gattyana treadueZZi

Species Group # 10

Pelecypoda  Clinocardium  ciliatm
Cumacea Diastylis sp.
Owenidae Ouenia fusiformis
Terebellidae Pista fasciata
SyUidae Haplosyllis  spon.gicola
Ampharetidae  Ampharete  arctica

6 (100%)

s
s

7 (32%)

DF ?

s
DF
DF
SF

DF SF?

7 (91%)

P
DF SF

9(50%)

6(31%] DF
“E
DF
DF

6(32%)

DF
P
DF

4(76%)

SF
s
SF
s
s

4(52%)

SF
DF

DF SF
DF
P
DF
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TABLE VIII (cent’d)

Station Groups Feeding
ID No. Species Groups 230% ,Type

Species Group # 11 4 (30%)

71
156
133
158
26

134

17
144

7
90

153
53
88
36

127
115
136
52
15

137
142

86
95

101
157
131
92

107
118
50
70
61

149
129
16
45

147
59

Sabellidae Euchone analis
Bryozoa Microporina  borealis
Amphipoda Bybl<s sp.
Brachipoda  Te~ebratuZina unguicula
Nepthyidae” f$epthys ferruginea
Amphipoda  B~blis crassicornis

Species Group # 12 4 (46%)

Syllidae Langerhansia co’rnuta
Amphipoda  Harpiniopsis  sandpedroens+s
Polydontidae  Peisidice  aspera
Pelecypoda  CycZopecten  ~andolphi
Sipunculida GoZfin@a marga.ritacea
Mddanidae flotiop~octus pacificus
Pelecypoda Dacrydium sp.
Paraonidae Aricidea jeffreysii
Isopoda Gnathia sp.
Copepoda Harpactieoidea
Amphipoda Haploops tubicula
Mddanidae MaZdane glebifex
Syllidae EusyZlis bloomstrandi
Amphipoda Eriethonius  h.eunter~
Amphipoda  Harpinia  sp.

Species Group-# 13

pelecypoda  crenella dessucatu
Pelecypoda Cgclocardia  ventrieosa

Species Group # 14

Pelecypoda CZinocardim  fucanum
hyozoa Clavopora occidentals
Amphipoda AmpeZisca macrocep?uzkz
Pelecypoda Ast=arte montegui
Gastropoda Lepeta caeca
Cwnacea Lamprops fuscata
Mddanidae Asychis  similis
Sabellidae  Chone infundibuZiformis
Ampharetidae  Ampharete  goesi
Caprellidae  CaprelZa  striata
Amphipoda Hyssura sp.
SyHidae Exogene  sp.
Scalibregmidae  Scalibregma infbtwn
Amphipoda Paraphoxus simplex
Sabellariidae Idanthgrsus armatw

SF
SF
s
SF
P
s

P
s
s
SF
DF
DF

(selected deposit) %F
E
s
s
DF
P
s
s

3(67%)

SF
SF

3(82%)

SF
SF
s
SF
s?
DF
DF
SF
SDF
SF
s
P
DF
s
SF
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TABLE VIII (cent’d)

Station Groups Feeding
ID No. Species Groups >30% Type

Species Group # 15 3(47%)

6
155 “

1
56

43,
18

103
143

37
48
49

122
123

44
62
27
68
24
74
98
55

112
172
40
8

79
102
33
47
58
96
30

171

Polynoidae Hesperonoe  eomplanuta 1 (46%)
Priapulidae PriapuZus caudutus
Cnidaria Anthozoa “Sea Pan”
Maldanidae  Rhodine bitorquata

Species Group # 16 1(76%)

Cirratulidae Caulleriella sp.
Syllidae HapZosyZlis  spopgicola

Species Group # 17 1 (40%)

Pelecypoda Macoma calcoea
Amphipoda fla~inia eweryi
Paraonidae  Paraonis gracilis
Capitellidae CapiteZZa capitata
Gapitellidae Heteromastis  filiformis

s
DF
SF
DF

DF
P

DF SF
s
DF
DF
DF

Cwnacea Eudorella  emarginuta
Curnacea Eudorellopsis  integ~a

Species Group # 18

Cirratulidae  Tharyx sp.
Ampharetidae  f.lelinna cristata
Glyceride Glycera capitata
~erebellidae  Terebellides  stromata
Nepthyidae Nepthys punctata
Aplacaphora  Chaetodema ~obusta
Pelecyploda  Thyasira flexuosa
Maldanidae  Praillella gracilis
Scaphapoda Dentalium sp.
Holothuroidea  MoZpadia sp.
Spionidae Spiophanes  cirrata
Sigalionidae Phloe minuta
Pelecypoda  Nueula tenuis
Pelecypoda PsePhidia Zordi

DF? s?
DF? s?

2 (42%)

DF
SDF
P
SDF
DF
DF
SF
DF
SDF
DF
SDF
s

SF DF
SF

Lumbrineridae ~umbr+ineris  siznilabtis P
Sternaspidae  Sternas@s scutata DF
Owenidae Myriochele  heeri SDF
Pelecypoda  Axinopsida serricata SF
Onuphidae Onuphis geofilifozmis DF SF?
Echinodermata  Gphiura sa.rsi P
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TABLE VIII (cent’d)

Station Groups Feeding
ID No. Species Groups 230% Type

106
113
89
64

83
163
168
28

99
164

39

41

121
141
76

29
165
38
84

63
116
166
173
138

Species Group # 19

Pelecypoda Car&o~a iwrricata
Scaphopoda  (hiuhs sp.
Pelecypoda Dacryduwn  pacifhum
Terebellidae  Pista crbkzta

Species Group # 20

Pelecypoda PortZandia arctica
Echinodermata Ctenodiscu,s  cr?@a&s
Echinodermata Pandellia cardara
Goniadidae Goniada annulata

Species Group # 21

Pelecypoda Odontogenia  borealis
Echinoidea  Brisaste~  townaendi

Species Group # 22

Spionidae Sp40 fildcorn~s

Species Group # 23

Megalonidae Megazona  japonica

Species Group # 24

Cumacea  Leucon  acutirostis
Amphipoda Aceroides sp.
Polyplacophora  MoZpaZia sp.

Species Group # 25

Coniadidae Goniackr maculata

2 (41%)

SF
DF P
SF
DF

6(39%)

DF SF
DF
DF
P

6 (83%)

SF
DF

6 (69%)

DF

1(96%]

DF

6 (100%)

DF S
s
DF

3 (76%)

Echinodermata Diamp?z{od{a  craterodermata
Spionidae  Laonice cirrata
Pelecypoda  Yoldia sp.

Species Group # 26 4 (66%)

Terrebellidae Pista  cr?ktita
Thoracica Scape2Zwn colwnb;anum
Echinodennata  Diomph{odia  periercta
Echinodermata  PS02US sp.
Amphipoda Anonyx  ochuticus

P
DF
DF

DF SF

DF
SF
DF
SF
s
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TABLE VIII (cent’d)

Stati6n Groups Feeding
ID No. Species Groups Xo% Type

Species Group # 27 2 (98%)

20 Nereidae Nereis sp. P
150 Decopoda Chion.oecetes  bairdi P s

Species Group # 28 1 (63%)

42
140

P
s

Goniadidae Goniada anulata
Amphipoda Lepideprecum comatum

Species Group # 29 2 (72%)

151 Decapoda Pinnixia sp.
154 Priajoulida  Halicryptus  spindosus
104 Pelecypoda HiateZZa arctica

s
SF
SF

Species Group # 30 1(88%)

162 Echinodermata Ctenodiscus sp.
170 Echinodermata Gphiura sp.
169 Echinodermata  Ophiopenia disacantha

DF
P
DF

Species Group # 31 5(70%)

5
10
9

s
P
P

Polynoidae  Lepidonotus  squamatus
Phyllodocidae Araitides mueosa
Phyllodoridae  PhyZodoce groenlandica

Species Group # 32 1(100%)

97 Pelecypoda Thyasira sp. SF
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APPENDIX .1 - TABLE Ix

SOME CHAIU4CTERISTICS OF STATION GROUPS FORMED BY CLUSTER ANALYSIS OF UNTRANSFORMED
NUMBRR/M2 DATA. DIVERSITY INDICES AND SEDIMENT DISTRIBUTIONS ARE MEAN VALUES FOR ALL STATIONS WITHIN THE STATION GROUP

BRILLOUIN SEDIMENT FEEDI!4G TYPE

STATION GROUPS INDEX .OF.DIVERSITY %GRAVEL %SAND %SILT %CLAY $W%DF..%?.ZS

Inshore Group.1 1.11 *0.05 o 5.21 40.67 59.92 4 61 21 14

~ Inshore Group 2 ).12 * 0.12 0.63 7.48 40.55 47.22 15 65 ’12 . 3
C9

Station 56 1.31 26.59 14.2(I 29.39 26.83 28 21. 34 7

Station 57 1.42 24.39 42.49 18.05 15.07 38 34 8 20

Shelf Break Group 1.38 * .09 9.39 24.56 35.39 30.69 32 26 12 30
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APPENDIX II

NUMERICAL ANALYSIS OF THE BENTHIC INFAUNA IN THE
NORTHEASTERN GULF OF ALASKA, FALL, 1976
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NUMERICAL ANALYSIS OF THE BENTHIC INFAUNA IN
THE NORTHEASTERN GULF OF ALASKA

G. E. M. Matheke, H. M. l?eder
and G. J. Mueller

Institute of Marine Science
University of Alaska

Fairbanks, Alaska

INTRODUCTION

In 1974 a two-year study was initiated to assess the distribution,
abundance and diversity of the benthic infauna in the northeastern Gulf
of Alaska (NEGOA). Among the goals of this study was a description of
spatial and seasonal distribution patterns of the benthic infauna, and
a comparison of these patterns with available data on physical, chemical
and especially geological features. In addition, we wished to develop a
basis for selecting representative sites for (1] intensive investigations
of the trophic structure and productivity of the infauna, (2) long term
studies of species content, diversity and abundance, and (3) monitoring
potential impacts of oil related development in the NEGOA area.

Various techniques of numerical classification have been utilized to
recognize patterns in the complex data created by collections of multi-
species populations of benthic organisms (see Clifford and Stephenson,
1975 for a review). We utilized normal cluster analysis and principal
coordinate analysis to define station groups based on their fauna and
inverse cluster analysis to define species groups based on their distri-
bution within the series of stations sampled (Clifford and Stephenson,
1975)+ These groupings were then examined in comparison with available
data on the environmental parameters in the NEGOA area. A preliminary
analysis of data collected during the first year of the study is included
in Feder et al. (1975, 1976). This chapter presents an analysis of data
collected in ~he fall of 1975. The results of an examination of seasonal
as well as spatial patterns in the distribution and abundance of the
benthic infauna during the two-year study period will be included in a
final report to NOAA.

STUDY AREA

Thirty-three stations (Feder et al., 1975) were selected from a
grid established in conjunction with—stfiies on the physical and chemical
oceanography, hydrocarbon and heavy metal concentrations, and marine
microbiota in the NEGOA (Fig. 1). The stations were dispersed over
seven transects from Resurrection Bay to Yakutat Bay and they extended
from inshore to the 200 m contour.

Temperature and salinity data for the northeastern Gulf of Alaska
from July 1974 to June 1975 are available in Royer (1976). The temper-
ature of the bottom water during this period ranged from 4.5 to 5.5 C
except at some of the shallower stations (Sta. 29, 68 m; 30, 43 m; 52,
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53 m; 55, 1~7 m; 56, 54 m; 57, 67 m; 58, 97 m) where temperatures of
7.0° to 10.0 C were recorded in July and October 1974. Salinity of the
bottom water ranged from 31.5 to 33.5 O/oo.

Sediments in the study area are predominantly silts and clays. The
principal sources for these sediments are the Copper River and the
Bering and Malaspina Glaciers. The general transport of the sediments as
they enter the Gulf of Alaska is to the west. High sedimentation rates
throughout most of the shelf area result in poorly consolidated sediments
with high pore water pressures. However, few sediments accumulate on
Tarr Bank (Fig. 1, Stations 56 and 57) probably because of scouring by
strong bottom currents and frequent winter storm waves (Molnia and
Carlson, 1977).

METHODS

Field and Laboratory

The thirty-three stations (Fig. 1) were sampled during USNS Silas Bent
cruise 811, September 1975 and R/V Discoverer

— —
cruise 816, November-

December 1975. Five replicates were routinely taken at each station with
a 0.1 mz van Veen grab weighted with 70 lbs of lead to facilitate bottom
penetration. The grab functioned effectively in the fine sediments
covering most of the Gulf of Alaska, and typically delivered from 15-19
liters of sediment. Penetration was reduced in stations with consider-
able sand or gravel concentrations. At station 30 less than 5 liters
of sediment was obtained per grab, and data from this station was con-
sidered to be qualitative only. The surface of all samples, examined
through the top door of the grab, was relatively undisturbed as evidenced
by the smooth detrital cover. Ten replicates were taken at stations 4,
25, 30, 42, 48 and 55 (Fig. 1) to determine the relative effectiveness
of the grab. These samples were examined using
developed by Feder et al.

a grab simulation program
(1973). This program provides an estimate of

the cumulative percen~ of individuals and the cumulative percent of species
collected in each step of a sequence of ten grabs, based on 100% obtained
in ten grabs. The percentage of recruits in the new species added at
each subsequent grab was estimated; in this case, the fraction of recruits
is the number of individuals per new species added per grab divided by
the sum over all ten grabs of the number of individuals per new species
added per grab (for a detailed discussion see Feder et al., 1973; Long-
hurst 1959; Holme 1964; Lie 1968). The results of The—grab simulation
program were similar for each of the six stations analyzed. Figure 2
shows a representative plot of the results. The cumulative percent of
species taken in five grabs at stations 4, 25, 30, 42, 48 and 55 ranged
from 77.5 to 83.OX. The percent of recruit individuals obtained in the
fifth grab ranged from 3.7 to 6.7%. This means that 93.7 to 96.3% of
the recruit individuals found in 10 grabs were collected in the first
five grabs. This indicates that more abundant species are adequately
sampled in the first five samples and recruitment in the subsequent
samples represents only the less abundant species.

Material from each grab was washed on a 1.0 mm stainless steel screen,
and preserved in 10% formalin seawater solution buffered with hexamine. In
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the laboratory all samples were rinsed to
sediment, spread on a tray and rough sorted
then transferred to fresh preservative and
organisms were counted and wet weighed after
with an absorbent towel.

Numerical Analysis

remove the last traces of
by hand. The material was
identifications made. All
excess moisture was removed

Station groups and species assemblages were identified using cluster
analysis. Cluster analysis canbe divided into three basic steps.

1. Calculation of a measure of similarity or dissimilarity between
entities to be classified.

2. Sorting through a matrix of similarity coefficients to arrange
the entities in a hierarchy or dendrogram.

3. Recognition of classes within the hierarchy.

Four hundred and nineteen taxa were identified from the 33 stations
sampled (Feder et al., 1976). Data reduction prior to calculation of
similarity coeffl~ients consisted of elimination of taxa that could not
be identified to genus and taxa that occurred at a single station in such
low numbers that they would have little effect on the classification.
This procedure reduced the number of taxa used in the, analysis to 224
(Table 1).

Two similarity coefficients were used to calculate the similarity
matrices used for cluster analysis routines, the Sglrenson coefficient
which is based on the presence or absence of attributes and the Czenkanowski
quantitative modification of the S~renson coefficient. The Czenkanowski
coefficient is synonymous with the Motyka (Mueller-Dombois and Ellenberg,
1974), and Bray-Curtis (Clifford and Stephenson, 1975) coefficients.

S~renson

2C
CS1,2 ‘A+B where A =

B=

Czekanowski

2W
CS1,2 ‘A+B where A =

B=

w.

The Czekanowski coefficient
studies by Field and MacFarlane

total number of attributes
total number of attributes
total attributes shared by
and two

of entity one
of entity two
entities one

+~he sum of the measures of attributes of
entity one
the sum of the measures of attributes of
entity two
the sum of the lesser measures of attributes
shared by entities one and two.

has been used effectively in marine benthic
(1968), Field (1969, 1970 and 1971). Dav et

al. (1971-) , Stephenson and Williams (1971), and Stephenson et ~~’ (1~72).
This coefficient emphasizes the effect of dominant species on the classifica-
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TABLE 1. Species selected for numerical analysis and their feeding type. SF=

suspension feeder; DF=deposit feeder; P=predator; S=scavenger.

ID. FEEDING ID FEEDING

NO. SPECIES TYPE No. SPECIES TYPE

1
2
3
4
5
6
7
8
9

10
11
12

13
14
15
16
17
18
19
20
21
22
23
24
25
26
27

28
29
30
31
32
33
34
35

36
37
38
39
40

POLYCHAETA
Areteobea  spinelytris
Eunoe depressa
Gattyana brunnea
Gattyanu treaduelli
Harmoihoe imb~ieata
Lepidonotus  squamatus
Peisidiee aspera
Pholoe minuta
Sfihenelais fuses
Anai-tides maeulata
.Eteone Zonga
Ophiodromus pugetten-

sis
Typosy21is sp,
TyposylZis alternata
TyposyZZis armilhzris
Exogone sp.
Exogone verugera
Ne?eis sp.
Nepeis pelagiea
Nereis p~oeera
Nereis zonata
Nephtys sp.
Nephtys cilia$a
Nephtys eaeca
Nephtys eornuta
Nephtys punetata
AgZaophamus  rubella

anops
GZyeera capitata
Glyeinde pieta
GZycinde armige~a
Goniada annulata
Goniada maeulata
Onuphis sp.
Onuphis eonehylega
Onuphis

geophilifozmis
Onuph.is irideseens
Onuphis  par-vu
Eunice valens
Eunice kobiensis
Lumbrineris  sp.

s
s
s
s
s
s
s
s
s
P
P

DF,S
P
P
P
P
P
P,s
P,s
p,s
SF
P
P
P
P
P

P
P
P
P
P
P
DF
DF
DF

DF
DF
DF
DF
DF

41
42
43
44
45

46

47
48
49
50
51
52
53
54
55
56
57

58
59
60
61
62
63
64

65
66
67
68
69
70
71
72
73
74
75
76
77

78
79
80

Lumbrineris bieiwata DF
Lumbrineris similalwis DF
Lumbrineris .zonata
IJinoe gemmea
DriZonereis faleata

minor
HaploscoZopZos

elongatus
Arieidea sp.
Arieidea sueeica
Arieidea jeffreysi
Paraonis g~aeilis
Laoniee eir~ata
Spiophanes bombyx
Spiophanes kroyeri
Spiophanes eirrata
~~agelona  japonica
Spiochaetopterus  sp.
Spiochaetopterus

Cos tarum
Tharyx Sp.
Chaetozone setosa
Brada vilZosa
Pliezwsa papillata
Phe2wsa plmsa
SeaZibregma inflatum
Anunotrypane

au’logaster
Travisia pupa
Sternaspis scutata
CapiteZZa capitata
Asye.his similis
MaZdane sp.
MaZdane sarsi
fl~aldzne glebifex
Maldanellu robusta
flieomaehe Zumbriealis
Nieornaehe  personata
Alotoproetus paeificxs
Praxillella  graeilis
PraxiZleZla
praete~missa

Rh.odine bitorquata
Ouenia fusiformis
Myriochele  h.eeri

DF
DF
DF

DF

DF
DF
DF
DF
DF
DF
DF
DF
DF
SF
SF

DF
DF
DF
DF
DF
DF
DF

DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF

DF
SF, DF
DF
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TABLE 1. Continued.

ID. FEEDING ID FEEDING
NO. SPECIES TYPE NO. SPECIES TYPE

81
82
83
84
85
86
87
88
89
90
91
92
93
94
95
96
97
98
99

100
101
102

103

104

105

106

107
108
109
110
111
112
113
114

115

116
117

Mgrioche~e  h.eeri
Idanthyrsus armatus
Cistenides brevicoma
Amage anops
Ampharete sp.
Ampharete arctiea
Amph,arete aeutifrons
Amphicteis sp.
Amphieteis macronuta
Lysippe Zabiata
MeZinna eristata
Melinna Elizabethan
Pista .5P.
Pista cristata
A~tacama conife~i
Terebellides stroemi
Chone sp.
Chone gracilis
Chone infundibuli-
formis

Euchone analis
flegaloma  splendidu
Psexdopotamil la

reniformis
Chitinopoma groen-

Zandica
Se?pula ve~mieularis

APLACOPHORA
Chaetoderma rubostum

POLYPLACOPHORA
Isehnoehiton albus

PELECYPODA
Nuculu tenuis
Nucuhn.a pernula
Yoldia sp.
Yoldia amygdalea
Yoldia secundu
Crenella decussata
Dae~gdium vitreum
Propeamussium

alaskense
Delectopecten

?andolphi
Astarte SP.
Astarte montegui

DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
DF
SF
SF
SF

SF
SF
SF

SF

SF

DF,P

s

s
DF
DF
DF
DF
SF
SF
SF

SF

SF
SF

118
119
120

121
122
123
124
125
126
127

128
129
130
131
132
133
134

135
136
137
138

139
140
141
142
143
144
145
146
147
148
149
150
151

152
153
154
155
156

157

Astarte pokris
Cyelocardia ventrieosa
Cyeloeardia

erebrieostata
Axinopsida  sericata
Thyasira flexuosa
Odontogena borealis
Clinocardium eiliatum
Pseph.idia  Zordi
[~aeoma ealcapea
,Vacoma moesta

alaskana
HiateZla aretiea
Paridora filosa
Pandora bilirata
Lgonsia nozwegiea
Cardiomya peetinata
Cardiomya planetica
Cuxdiovga oldroydi

GASTROPODA
Lepeta caeea
Sola~ieZZa obseu?a
Soh.rielZa varicosa
Taehyrgnchus
?etieulatus

!~atica elausa
Polieiees .5P.
Poliniees nanus
PoZinices pallidus
T~ophonopsis Zasius
Amphissa eolumbiana
Suavodrilla
SuuvodriZZa villetti
Oenopota SP.
Odcstomia sp.
TurboniZZa SP.
I?etusa obtusa
Cylichna alba

SCAPHOPODA
Dentalium  SP.
Dentalium dalli
Cadulus SP.
Cadulus stearnsi
CaduZus tolmei

CUMACEA
Leucon SP.

SF
SF
SF

SF
SF
SF
SF
SF
DF
DF

SF
SF
SF
SF
P-s
P-s
P–s

SF
S,P
S,P
S,P

P
P
P
P
P
P
P
P
P
OTHER
OTHER
P
P

DF,P
D-r,P
DF,P
DF,P
DF,P

DF,S
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TABLE 1. Continued.

ID. FEEDING ID FEEDING
NO. SPECIES TYPE NO. SPECIES TYPE

158
159
160
161
162
163
164

165

166
167

168
169
170

171
172
173
174
175
176
177
178
179
180
181
182

183
184
185
186
187
188
189
190
191
192
193
194

195

196
197

EudoreZZa  sp. DF,S
Eudorellc ema~ginata DF,S
Eudorella ,pacifiea DF,S
Eudo~eZlopsis  integra DF,S
Diastylis sp. I)F,S
Diastylis bidentata DF,S
Diastylis DF,S
paraspinulosa

Diastylis Dl?,s
cf. D. tetyadon

Campylaspis .5P. DF,S
Campylaspis umbensis Dl?,S

ISOPODA
Calath.ura branchiata S,DF
Roeinela  bell<ceps S,DF
Gnathia sp. OTHER

AMPHIPODA
AmpeZisca s-p. SF
Ampelisca macroee~ha~a SF
A~elisea birulai’
BybZis SP.
Byblis gaimardi
HapZoops tubieula
Maera da-nae
Mae~a loveni
Melita SP.
MeZita dentata
Urothoe dentieulata
Photis cf. P. rein-

hardi
Protomedeia  sp.
Anonyx sp.
Anonyx oekotieus
Anonyx nugax
Hippomedon  SP.
Hippomedon  kuxilieus
Lepidepec~eum  kasatka
Lepidepeereum  eomatum
Omhomene SP.
Bathymedon  SP.
MonocuZod’es  sp.
MonocuZodes

diamesus
h]estuoodilla

eoeeula
flieippe tumida
Harpinia kobjakovae

SF
SF
SF
SF
DF,S
DF,S
DF
DF
SF
DF

DF
s
s
s
S(DF?)
S(DF?)
S(DF?)
S(DF?)
s
DF,S
DF,S
DF,S

DF,S

SF
SF

198

199
200
201
202
203
204

205

206

207
208

209

210

211
212
213
214

215

216

217
218
219
220
221
222

223
224

Ha~piniopsis
sanpedroensis

Feterophoxus oeulatus
Paraphoxus sp.
Paraphoxus robustus
Poxap?wxus simplix
Metopa sp.
Netopa alderi

D~CA~ODA
C’kionoeeetes sp.

SIPUNCULIDA
GoZfingia
marga~itaees

Colfingia vulgaris
PhscoZion strombi

PRIAPULIDA
l?riapulus caudatus

ECTOPROCTA
Clavipo~a oeeidentalis

BRACHIOPODA
l’erebratulina  unguieula
YerebPatulina  epossei
Laqueus ealiwfornianus
TerebrataZia

tnzn.sversa
ASTEROIDEA

Ctenodiscus crispatus
ECHINOIDEA

Brisastep tomsendi
OPHIUROIDEA

SF
SF
SF
SF
SF
SF
DF
DF

S,P

DF

DF
DF

P

SF

SF
SF
SF
SF

DF,S

DF,S

Diamphiodia eraterodmeta DF
UniopZus maeraspis DF
Opliiopholis aeuleata
Ophiopenia disaeantha  ~
O@iura sarsi DF,P
Stegophiura  SP. OTHER

HOLOTHUROIDEA
[!olpadia intermedia DF
Cuempia eaZeigeYa DF
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tion and is often used with some form of transformation. The Czekanowski
coefficient was used to calculate similarity matrices for normal cluster
analysis (with stations as entities and species as attributes) and inverse
cluster analysis (with species as entities and stations as attributes).
Normal and inverse cluster analyses were run on untransformed and natural
logarithm transformed abundance data (individuals/m 2) . The natural
logarithm transformation Y = ln(X+l) reduces the influence that dominant
species have on the similarity determination. Station 30 was not included
in classifications using abundance data because the data obtained for this
station was considered to be qualitative only. A similarity matrix was
constructed using the Stirenson coefficient in order to examine the rela-
tionship of station 30 to other stations. Dendrograms were constructed
from the similarity matrices using a group-average agglomerative hier-
archical cluster analysis (Lance and Williams, 1966).

As an aid in the interpretation of the dendrograms formed by cluster
analyses a two-way coincidence table comparing the station groups formed
by normal analysis and the species groups formed by inverse analysis
was constructed. In this table the original species x stations data
matrix was rearranged according to both normal and inverse analysis so
that all stations or species within each group are adjacent to each
other. The two-way coincidence table can then be divided into cells whose
elements are the abundance of each of the species in a species group in
each of the stations in a station group. The two-way table produced in
this study (224 species x 32 stations) was too large to be reproduced here.
It was reduced by summing all the elements in each cell and standardized
by dividing the resulting sums by the number of species in the appropriate
species group and the number of stations in the appropriate station group.
The resulting table of average cell densities is presented in Table 2.
Two-way tables of fidelity and constancy were also constructed (Tables 3
and 4). Fidelity is the percentage of the total number of individuals of
all species in a species group which are found in each station group.
In essence it is a measure of how faithful that species group is to
each station group. Constancy, the percentage of the elements in each
cell which had non-zero values, is a measure of the ubiquity of the
species group members in each station group.

Principal coordinate analysis (Gower 1967, 1969) was used as an
aid in interpreting the results of the cluster analyses and identifying
misclassifications of stations by cluster analysis. In principal coor-
dinate analysis an interstation similarity matrix is generated as in
normal cluster analysis. The similarity matrix generated can be conceived
of as a multidimensional space in which the stations are arranged in
such a way that they are separated from one another according to their
similarities. An ordination is then performed on the matrix to extract
axes from this multidimensional space. The first axis extracted coincides
with the longest axis, and accounts for the largest amount of variation
in the similarity matrix. Subsequent axes account for successively
smaller amounts of variation in the data. Both the Czekanowski and the
Canberra “metric” similarity coefficients were used to calculate the
similarity matrices used in principal coordinate analysis. The Canberra
“metric” coefficient defines the similarity of two entities as:
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ABLE 2. Station group/species group coincidence table showing average cell densities.
Station group and species group size is in brackets.

STATION GROUPS
PECIES T.G 2 Group 4 Group 5 Group 6 IG 1 Group 7 SBG Station
ROUPS (4) (2j (2j (3j (11) (2j (7) 39 (1)

1 (13)
2 (1)
3 (2)
4 (5)
5 (7)
6 (10)
7 (3)
8 (11)
9 (1)
o (3)
1 (5)
2 (7)
.3 (3)
4 (1)
,5 (3)
,6 (1)
.7 (3)
8 (3)
.9 (3)
,0 (2)
,1 (5)
2 (1)
,3 (5)
,4 (3)
:5 (2)
6 (7)
:7 (13)
8 (2)
:9 (5)
10 (4)
~~ (9)
12 (1)
i3 (2)
i4 (1)
i5 (3)
16 (1)
i7 (4)
18 (5)
;9 (2)
.0 (1)
.1 (4)
.2 (2)
3 (4)
.4 (6)
}5 (4)
6 (2)

0.2
4.0
G
0.2
0.6
0.3
0.7
0.2
0.0
0.0
0.2
0.0
0.0
1.0

13.9
0.0
0.2
1.3

15.2
6.0

118.4
10.5
0.4
2.8
n
6.1
3.9

19.0
16.2
0.4
0.2
0.0
0.1
0.0
1.3
0.5
0.3
0.9
0.l
0.0
2,4
m?!
0.1
0.1
0.2
0.6

0.1
0.0
0.0
0.0
1.1
0.3
0.7
0.1
1.0
0.0
0.0
0.1
0.0
0.0
0.0
1.0

18.0
94.3
4.3
5.0

135.2
0.0

10.4
0 ;3
0.0
3.1
3.1
4.0
5.6
1.3
1.3
0.0
0.0
0.0
7.0
0.0
4.0
m
n
1.0
m
0.0
0.8
m
0.0
0.0

0.1
0.0
4.0
n
1.0
0.5
0.3
0.0
0.0
0.0
0.0
0.0
0.0
1.0
m
0.0
l.O
0.0
1.3
9.0

74,8
42.0
m
2,3
0.0
4.9
8.2
5zm
5.6
2.7
1.3
0.0
0.0
0.0
0.0
0.0
2.0
1,4
0,0
0.0
0.0
0.5
n
O*2
0.0
2.5

0.0
0.0
0.0
0.0
1.3
0.3
0.2
0.5
0.7
0.0
0.0
0.1
0.0
0.7
0.4
2.0
0.0
0.4

51.1
38.4
12.3
2.0
0.2
0.0
0.4
2.5
2.9

29.7
6.3
0.2
0.3
0.7
0.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.9
z
0.0

0.2
1.2
0.5
0.1
0.3
0.1
2.1
0.1
0.0
0.2
0.1
0.1
0.1
0.0
0.4
0.6
1.8
2.4
5.2

10.55
13.0
17.4
0.9
0.9
0.1
1.7
5.3

23.6
10.2
0.2
0.4
0.4
0.2
0.0
0.7
1.2
0.1
0.6
0.2
0.2
0.2
O*O
0.0
0,0
0.0
0.2

4.8
m
1.0
1.2

17X7
--m
E-6
0.6
O*O
1*3
n
0.6
m
n
n
1.0
0.0

38.7
0.0

15.0
14.2
0.0
0.8
2.7
5.0
m
n
17.0
9.6

42.2
4.7
0.0
0.0
4.0
0.0
0.0
0.5
0.2
0.0
0.0
0.8
0.5
0.5
0.0
0.0
0.0

0.2
0.0
0.0
0.1
2.5
1.0
0.8
1.4
m
m
0.7
ii’z
0.7
m
0.7
1.1
1.3
1.8
5.3

77.5
16.2
3.7
1,2
0.5
5.4
3.2
0.1
2.0
8.2
7.9

13.0
3.4
4.2
G
E
0.0
0.0
0.0
0.0
1.0
in
0.0
0.4
0.7
0.4
0.2

0.5
0.0
0.0
0.0
0.6
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0’
0.0
0.0

118.0
0.0
0.0
0.0
0.0
1.2
0.0
0.0
2.7
1.0
0.6
0.2
3.0
9.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
1.0
5.0
2.0
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TABLE 2. Continued

STATION GROUPS
SPECIES IG 2 Group 4 Group 5 Group 6 IG 1 Group 7 SBG Station
GROUPS (4) (2) (2) (3) (11) (2) (7) 39 (1)

47 (7) 0.6
48 (4) 0.0
49 (4) 0.0
50 (3) 0.7
51 (2) 0.0
52 (2) 0.0
53 (6) 0.1
54 (2) 0.2
55 (lj 1.5
56 (2) 0.0
57 (3) 0.0
58 (1) 005
59 (1) m
60 (1) 0.0

0.7
0.0
0.0
0.7
0.0
0.0
0.7
0.0
0.0
0.0
0.0
0.0
0.0
0.0

0.5
n
0.0
0.0
0.0
0.0
0.0
0.0
1.0
Eli

0.6
1.3
0.0
0.4
0.0
0.0
0.0
0.0
0.0
0,4
0.0
0.0
0.0
0.0

0.6
0.0
0.4

0.3
0.1

0.0
0.1

0.7
0.5
0.0
0.3
0.0
0.5
n
0.0
0.O
0.0
0.0
0.0
0.0
0.0

0.7
0.2
0.0
0.0
0.0
0.0
0.5
0.0
0.0
0.2
0.1
0.1
0.4
0.0

0.O
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
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TABLE 3. Station group/species group coincidence table showing % fidelity
of the species groups in each station group.

IG2 Group 4 Group 5 Group 6 IG1 Group 7 SBG Sta. 39

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45

3.2
55.5
0.0

12.5
2.5
4.3

14.5
6.9
0.0
0.0

20.0
0.0
0.0

23.3
81.8
0.0
0.9
0.9

18.4
3.7

30.7
13.9
0.6

22.9
4.0

20.5
13.0
12.4
22,3
0.7
0.9
0.0
2.0
0.0

14.1
29.4
4.4

15.2
7.7
0.0

66.7
16.7
5.6
3.4
3*4

1.6
0.0
0.0
0.0
4.5
4*3

14.5
3.4

16.4
0.0
0.0
7.7 .
0.0
0.0
0.0
0.8

80.7
m
5.2
3.1

35.1
0.0

16.4
2.5
0.0

10.4
10.4
2.6
7.9
2.3
6.1
0.0
0.0
0.0

76.1
0.0

58.0
47.5
76.9
45.4
5.6
0.0

44.4
0.0
0.0

1.6
0.0

72.7
0.0
4.1
7.1
6.2
0.0
0.0
0.0
0.0
0.0
0.O

23.3
1.8
0,0
4.5
0.0
1.6
3.5

19.4
55,6
m
18.8
0.0

16.5
27.4
35.4
7.9
4.8
6.1
0.O
0.0
0.0
0.0
0.0

29.0
23.7
15.4
0.0
0.0

41.7
0.0
6.9
0.0

0.0
0.0
0.0
0.0
5.3
4.3
4.2

17.2
11.5
0.0
0.0
7.7
0.0

16.3
2.3
1.6
0.0
0.3

62.0
23.8
3.2
2.6
0.3
0.0
3.2
8.4
9.4

19.5
8.9
0.4
1.4

15.5
8.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

31.0
3*4

3.2
16.7
9.1
6.2
1.2
1.4

43.8
3.4
0.0
8.3

10.3
7.7
6.7
0.0
2.3
0.5
8.0
1.8
6.3
6.5
3.3

23.0
1.4
7.4
0.8
5.7

17.7
15.5
14.4
0.4
1.9
8.9
4.1
0.0
7.6

70.6
1.4

10.2
0.0
9.1
5.6
0.0
0.0
0.0
0.0

78.7
m
18.1
75.0
69.7
64.3
0.0

20.7
0.0

54.2
0.0

46.2
46.7
23.3
7.7
0.8
0.0

27.8
0.0
9.3
3.7
0.0
1.3

22.1
40.3
25.6
21.1
11.2
13.5
75.5
m
0.0
0.0

41.2
0.0
0.0
7.3
3.4
0.0
0.0

22.2
41.7
27.7
0.0
0.0

3.2
0.0
0.0
6.2

10.2
14.3
16.7
48.2
72.2
37.5
70.0
30.8
46.7
13.9
4.1
0.9
5.8
1.3
6.4

47.7
4.2
4.9
1.9
4.1

43.6
1008
0.3
1.3

11.6
14.1
61.3
75.6
85.7
58.8
2.2
0.0
0.0
0.0
0.0

45.4
0.0
0.0

.22.2
24.1
6.9

8.2
0.0
0.0
0.0
2.5
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

95.3
0.0
0.0
0.0
0.0
0.3
0.0
0.0

22.1
8,1
2.0
0.7
2.0

12.9
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

34.5
86.2
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TABLE 3. Continued

IG2 Group 4 Group 5 Group 6 IG1 Croup 7 SBG Sta. 39

46
47
48
49
50
51
52
53
54
55
56
57
58
59
60

10.9
5.0
0.0
0.0

15.9
0.0
0.0
7.1

40.0
46.9
0.0
0.0

83.3
0.0
0.0

0.0
5.8
0.0
0.0

15.9
0.0
0.0

50.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

45.4
67.2
m
81.8
0.0

62.5
38.4
m

0,0
0.0
0.0
O*O
0,0

71*4
0,0

0.0
5.0

37.1
0.0
9.1
0.0
0.0
0.0
0.0
0.0

33*3
0.0
0.0
0.0
0.0

3.6
5.0
0.0

18.2
52.3
m
23.1
7.1

60.0
53.1
50.0
75.0
0.0
0,0

100.0

0.0 3,6
5.8 5.8

14.3 5.7
0.0 0.0
6.8 0.0
0.0 0.0

38.4 0.0
0.0 3 5 . 7
9.0 0.0
0.0 0.0
0.0 16.7
0.0 25.0
0.0 16.7
0.0 28.6
0.0 0.0

36.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.O
0.0
0.0
0.0
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TABLE 4. Station group/species group coincidence table showing % constancy
of species groups within each station group.

IG2 Group 4 Group 5 Group 6 IG1 Group 7 SBG Sta. 39

1 5.77
2 25.0
3 0.0
4 15.0
5 21.4
6 7.5
7 16.7
8 11.3
9 0.0
10 0.0
11 10.0
12 0.0
13 0.0
14 50.0
15 41.7
16 0.0
17 8.3
18 25.0
19 66.7
20 50.0
21 100.0
22 75.0
23 10.0
24 41.7
25 25.0
26 71.4
27 61.5
28 62.5
29 90.0
30 16.7
31 5.6
32 0.0
33 12.5
34 0.0
35 41.7
36 25.0
37 12.5
38 35.0
39 12.5
40 0.0
41 37.5
42 25.0
43 6.3
44 8.3
45 6.3

3.8
0.0
0.0
0.0

35*7
10.0
1.6.7
4.5

50.0
0.0
0.0
7.2
0.0
0.0
0.0

50.0
66.7
83.3
16.7
50.0
80.0
0.0

50.0
16.7
0.0

57.1
46.2
75.0
60.0
25.0
22.2
0.0
0.0
0.0

66.7
0.0

50.0
40.0
50.0
50.0
0.0
0.0

25.0
0.0
0.0

3.8
0.0

50.0
0.0

28.6
20.0
16.7
0.0
0.0
0.0
0.0
0.0
0.0

50.0
16.7
0.0

50.0
0.0

33.3
50.0
80.0
50.0
70.0
50.0
0.0

64.3
82.6

100* o
70.0
12.5
11.1
0.0
0.O
0.0
0.0
0.0
0.0

20.0
0.0
0.0
0.0

25.0
0.0
8,3

12.5

5,1
0.0
0.0

13.3
28.6
13.3
11.1
3.0

33.0
0.0
0.0
4.8
0.0

33.3
22.2

100.0
0.0

11.1
100.0
100.0
80.0
66.7
6.7
0.0

16.7
47.6
56.4
66.7
66.7
8.3

14.8
33.3
16.7
0.0
0.0
0.0
0.0
6.7
0.0
0.0
0.0
0.0
0.0

38.9
8.3
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8.4
18.2
18.2
6.1
7.8
3.6

24.2
2.5
0.0
6.f)l
1.8
3.9
3.0
0.0

18.2
9.1

24.2
33.3
45.5
63.6
76.4
63.6
23.6
21.2
4.5

36.4
67.1

100.0
72.7
4.5

10.1
0,0

13.6
0.0

21.2
18.2
4.5

16.4
4.5
9.1

11.4
0.0
2.3
0.0
0.0

61.5
50.0
25.0
60.0

100.0
75.0
0.0

31.8
0.0

50.0
0.0

28.6
33.0
50.0
50.0
50.0
0.0

100.0
0.0

50.0
80.0
0.0

10.0
50.0
75.0
78.6
38.5
50.0
80.0
75.0
55.6
0.0

25.0
50.0
0.0
0.0

12.5
0.0
0.0
0.0

12.5
0.0

25.0
0.0
0.0

8.8
0.0
0.0
8.6

20.8
27.2
23.8
28.6
71.4
23.8
34.2
20.4
19.0
28.6
19.0
57.1
38.1
47.6
47.6

100.0
74.3
28.6
22.9
19.0
57.1
67.3
40.7
64.3
77.1
57.1
76.2
14.3
28.6
14.3
21.2
0.0
3.6
0.0
0.0

28.6
17,9
14.3
14.3
4.8

21.4

15.4
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

33.3
100.0

0.0
0.0
0.0
0.0

20.0
0.0
0.0

66.7
50.0
28.6
15.4
50.0
80.0
0.0

22.2
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

50.0
100.0



TABLE 4. Continued

.

IG2 Group 4 Group 5 Group 6 IGl Group 7 SBG Sta. 39

46 37.5
47 7.1
48 0.0
49 0.0
50 33.3
51 0.0
52 0.0
53 4.2
54 12.5
55 25.0
56 0.0
57 0.0
58 25.0
59 0.0
60 0.0

0.0
21.4
0.0
0.0

33.3
0.0
0.0
25,0
0.0
0.0
0.0
0.0
0.0
0.0
0.0

75.0
54.3
62.5
50.0
0.0

25.0
25.0
0.0
0.0
0.0
0.0
0.0
0.0

50.0
0.0

0.0
19.0
41.7
0.0

22.2
0.0
0.0
0.0
0.0
0.0

16.7
0.0
0.0
0.0
0.0

14.3
1.3. O
2.3

15.9
39.4
13.6
13.6
6,1
9.1

27.3
27.3
12.1
0.0
0.0
9.1

25.0
14.3
12.5
12.5
16.7
0.0

25,0
0.0
0.0
0.0
0.0
0.0
0.0
.0.0
0.0

0.0
16.3
7.1
0.0
4.9
0.0
0.0

19.1
0.0
0.0

21.4
9.5

14.3
14.3
0.0

50.0
14.3
0.0
0.0
0.0
0.0
0.0
0.0
0,0
0.0
0.0
0.0
0.0
0.0
0.0
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n ] Xli
:2

- ‘2i I
CS1,2= 1- i (Xli +X21)

where Xli
= the measure of the ith

attribute in entity one

‘2 i
= the measure of the ith

attribute in entity two

The Canberra “metric” coefficient is a series of fractions and gives
equal weighting to all species and reduces the effect of the dominant
species on the analysis. It was used as a means of comparison with
the results of analyses using the Czekanowski coefficient.

Diversity

Species diversity was calculated by the use of three indices; the
Simpson index (a measure of dominance) and the Shannon and Brillouin indices
(information measures of diversity). The Brillouin evenness function was
also calculated.

The Simpson index

n i (ni -l]
s=~

N (N-1) where n. = number of individuals in the ith species
i

N1 = total number of individuals

is an index of dominance since the maximum value, one, is obtained when
there is a single species (total dominance) and values approaching zero
are obtained when there are numerous species, each a very small fraction
of the total abundance. The Shannon

n.
H’ = ‘~pi logp where pi = ~ii

and Brillouin

H=~log
N!

‘l!n2!”””ns!

information measures of diversity were also used. The Shannon function
assumes that a random sample has been taken from a infinitely large
population whereas the Brillouin function is appropriate only if the
entire population has been sampled. Thus, if we wish to estimate the
diversity of the fauna at a sampling station the Shannon function is
appropriate. The Brillouin function is merely a measure of the diversity
of the five grab samples taken at each station and makes no predictions
about the diversity of the benthic community that the samples were drawn
from. Diversity, as measured by both the Shannon and the Brillouin
diversity indices, can be divided into two components. One component
is simply the number of species represented and the other is the relative
abundance of each species. The relative number of individuals per species
is called the evenness component of the diversity index. The evenness of
the five grab samples taken at each station can be calculated using the
Brillouin measure of evenness J = H/Hmaximm where H = Brillouin diversity

function. Hmaxim~, the maximum possible diversity for a given nuber

of species, occurs if all species are equally common and is calculated as:
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H = ; log
N!

maximum
{[ N/S]! ]s-r{([N/s]+l)!}r

where [N/s] = the integer part of N/s
s = number of species in the censused  population
r = N - s[N/s]

Theoretically the evenness component of Shannon function can be calculated
from the following

~, = H’
log S* where H’ = Shannon diversity function

S* = the total number species in the
randomly sampled population.

However, s>: is seldom known for benthic infaunal communities, and it is
obvious from Figure 2 that the number of species obtained in 5 grabs is a
poor estimate of the total number of species found in 10 grabs. For
this reason the evenness component of the Shannon diversity index was not
calculated (for a ‘discussion see Pielou, 1977). The Brillouin measures of
diversity and evenness, although not appropriate as estimators of community
structure, provide a means of assessing the fitness of classifactory
routines by measuring the structure of the samples which provided the
data for classification.

Trophic Structure

The trophic structure of each of the station groups formed by cluster
analysis was determined by classifying the 50 most abundant species in
each station group into 5 feeding classes: suspension feeders (SF) ,
deposit feeders (DF), predators (P), scavengers (S) and other (0). Species
were assigned to feeding classes (Table 1) based on literature reports and
personal observations on the species in question or on closely related
species (Feder et al. 1973, 1975; Jumars and Fauchald 1977; unpub. obser-
vations). Since— s~ecies are distributed along a continuum of feeding
types and many organisms utilize several feeding modes, it is often difficult
to place a species in a specific class. For example, protobranch molluscs,
generally regarded as deposit feeders, also utilize particles in suspension
(Stasek 1965; Stanley, 1970). However, since these molluscs probably
obtain most of their nutritional requirements from the sediment, we
classified them as deposit feeders. It is even more difficult to make a
distinction between scavengers and deposit feeders in organisms such as
cumaceans and amphipods that can ingest larger food particles and or
small detrital fragments. If such organisms were motile, and able to
operate efficiently as scavengers, they were classified as both scavengers
and deposit feeders. Species whose feeding behavior was unknown, or un-

certain, were classified as “other”. The percentage of individuals
belonging to each feeding classification (Table 1) was calculated for
each station group. In those cases where a species was assigned to two
feeding classes we assigned one half of the individuals of that species
to each class. Species were also classified into three classes of
motility: sessile, discretely motile, and motile (after Jumars and
Fauchald, 1977) . The percentage of individuals belonging to each
motility class was also calculated for each station group.
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RESULTS

Numerical Analysis; Untransformed Abundance Data

A normal cluster analysis of untransformed abundance data produced
seven station groups at the 29X similarity level; one station, station
39, did not join any group (Figs. 3 and 4). Two major station groups were
formed in the shelf area. One of these groups labeled inshore group 1
(IG1) consisted of five stations in the transect south of Resurrection Bay,
five stations south of Cordova and station 32 south of Icy Bay (Fig. 4).
Inshore group 2 (IG2) consisted of four stations east of Kayak Island.
A third ~arge group, the Shelf Break Group
near the 200 m contour and on the shelf
smaller station groups included stations 43
53 and 54 in Hinchinbrook  entrance (Group
(Group6, G6) and stations 56 and57 on Tarr Bank

(SBG), was composed of stations
south of Yakutat Bay. Other

and 58 (Group 4, G4), stations
5, G5), stations 7, 28 and 59
(Group 7, G7) .

species groups formed by an inverse cluster analysis of untransformed
abundance data at the 31x similarity level are listed in Table 5. An
examination of the original two way coincidence table (224 species x 32
stations) and the reduced two way tables (Tables 2, 3, and 4) was useful
in determining the distribution of species among the station groups and
identifying the species which distinguish certain station groups from
each other. Many species groups were composed of species linked to-
gether by their presence in a single station within a station group.
These species were only occasionally found at other stations. While these
species groups are useful in examining differences that occur within sta-
tion groups, they add little to our understanding of the differences
between station groups. In the interest of simplicity these species groups
were eliminated from our discussion of the differences between station
groups. Thirty-one species groups were eliminated by this criteria. An
additional nine species groups were composed of species linked together
by their presence in two or more stations that were not in the same
station group. The species in these nine groups (2, 7, 10, 24, 42,
46, 48, 55 and 56) were present in very low abundance (Table 2) and they
were also eliminated. The remaining 19 species groups are included in
Figure 5. The fidelity and constancy of these species groups were arbi-
trarily divided into 5 classes: very high (vH), 95-100%; high (H),
66-94%; medium (M) , 33-65%; low (L), 16-32%; very low (VL) , 0-15% (Fig.
5). A summary of the distribution of the 19 major species groups (Fig.
5; Table 5) follows:

Species group 5:

Species group 6:

Species group 9:

Species group 16:

H- fidelity (Tables 3and5), VH- constancy
(Tables 4and5) and average cell densityof
17.0 (Table 2) in station group 7.

M- fidelity, H - constancy and average cell
density of 4.5 in station group 7.

H- fidelity, H - constancy and average cell
density of 4.4 in shelf break group.

The single species in this group, Maldane glebifex,
was very abundant (118/m2)  in station 39.
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S1 Ml LARI TY, percent

I
STATION GROUPS 61 59 57 55 53 51 49 46 44 42 40 38 36 34 32 29 ] 27 25 23 21 19 16 14 12

Sta. No! I I I I I I 1

Inshore Group 2

31
47
40

4 2
43

Group 4 58
Group 5 53

54——————————
7

Group 6
?9

32
52
2
4

Inshore Group  1 :
5
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51
49

,
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[
I
I

I I

I
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[ 1{
55— — —  — — —  — _ _ _ I

Group 7 g~ I— — — — —  —————
26 I
25
33 I

Shelf Break Group J

{

I
:
27 I
e.—— ——— ——— =
39 I

I

I

Figure 3. Dendrogram produced by cluster analysis using number of individuals/m2 data.



oo
I

;'
(T

h
%

.

O
t(

)
*

.
.

F
,_

__
_

tO

U
S

k
A

V
O

U
A

O
Q

'.
c3

\A
V

.
D

ç3
c

w
vc

-
.

c:
9

::.
.

'
'

%
-t

\c
\A

V
\1

%
% m

cc
D

\
°c

Y
kc

3k
%

v\
:

oo
;i

oI °T
l

Q
oI

o 0
— 0

w
o

t+
cd
Gcd

181



2

F I D E L I T Y

Station Groups

IG 2 G4 G5 G6 IGI G7 SBG 39

17

18

19

20

21

22

23

1: )
I ,- . . ...-.1 — (

I I

. . . . .:.:.:,,:,::,:,  W. . . . . . . . w.,.,., . . H

.: .:.:.:

) K.:..  $::::  ?.:1 1... -..,-1 (

25

26

29

30

31

. . . . . . . . . . . . . . . . . . .

< . . . . . . . . . . ..O
,: ::::.:. . . . . .

..<.  . . . . . . . . . . . .
. .

. . . . . .
. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .
. . . . . . . . . . . ...”.. . . .. . . . ...”. . . . . . . . . . . . . . . . . . .. . ..- . . . . .

27=
28

.: .:.:.:
. . . . . . . . .,: .:.....

~

45

Legend:

■ 95- 100%VH

❑ 66-94%H

~ 33. 65% M

CONSTANCY

Station Groups
IG 2 G4 G5 G6 IG I G7 S13G 39

... ,. :., . . . . . . . . . . . . . . . . . . . . . . . . . .

; —.. 1
1 — t : ::: : :..:::..: >.-

. . . . . . . .
I :.”!’2. . . . . . . .

. . . . . ..+ ...:.:.

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ., ...,.:.,:  , :...,.::,

,,, ,,, ,., ..: ,,,:
,.:,:,,:: :, ,:,:. . . . . . . . .

.,. . 1

. . . . . . . . . , .,., ,. ,: : :. , , ,.

. . . . . . . . . . . . . . . . . . . . .

. . . . . . . .. . . . . . . .. . . .:.:.:.:.. . . .. . . . . . . .. . . . . . . .. . . . . . . .
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Figure 5. Fidelity and constancy of species groups formed by inverse cluster
analysis using number of individuals/mz data.

182



TABLE 5, Species groups formed by inverse cluster analysis of abundance
data. Identification numbers for cross reference with Table 1
are included in brackets.

Group Species

1 Eteone Zonga (114), Bybl{s sp. (174), .@unoe depressa (2),
lJepthys caeca (24), Ampharete sp. (85), Pazwphoxus s{mplex
(207), Paraonis gracilis (50), Priapulis c?audatus (209),
Natica elausa (139), Clinoea.rdium ciliatum (124), Paraphoxus
robustus (201), Terebratulina  transversal (214), Lwnbrineris
similabris  (42)

Diamphiodia craterodheta  (217)

Haplosco20plos  elongatus (46), YoZdia amygdalea (110)

Astarte sp. (116), Lepeta eaeca (135), G2rttyana  treahelli
(4), MaeYa Zoveni (178), Maera danae (177)

DriZonereis faleata minor (45), AmpeZ&ea mamocephala (172),
Diastylis bidentata (163), Metopa alderi (204), Asyckis
similis (68), Terebratulina  unguieula (211), .luques eali-
fornianus (213)

6 tiatillella  praetermissa  (77), Haplopps tubicula (176),
Chone sp. (97), Golfingia vulgaris (207), Yereis zonata (21),
Mak!ane sp. (69], Amphissa eolumbiana  (44), Monowlades
diamesus (194), Exogone veruge~a (17), Anonyxnugax (186)

7 Nepth.ys ciliata (23), Spiochaetoptezws  oosta.rum (57),
Rhodine bitorguata  (78)

8 Onuphis SP. (33), Pista SP. (93), Lepidonotus squamatus
(6), ~-uphis parva (37), Pseudopotamilla ~enifortis (102),
Typosy12is armillaris (15), SerpuZa vermic?uZa&s  (104),
Propreamussium  alaskense (114), Lepidepeereu.m eomatum (190),
Anonyx sp. (184), Qphiopkolus aculeata (219)

9 Delectopecten  randolphi (115)

10 Eunice valens (38), CampyZaspis umbensis (167), Monoculodes
Sp. (193)

11 Lysippe Zabiata (90), Chitinopoma  groenlandiea (103),
MaZdanelZa  robusta (72), Nicomache personata (74),
Eudo~ella sp. (158)

12 Amage anops (34), Trophonopsis Zasius (43), Pherusa plumosa
(62) , Pherusa papillata  (61), Scalibregma  inf laturn (63) ,
Campylaspis  sp. (166), Poliniees sp. (140)
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TABLE 5. Continued

Group Species

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

Typosy ZZis aZtmnata (14), Onupk.is eonc?tylega (34), Eun<ee
ko.biensis  (39)

Cueumaria calcigera (224)

Spiophanes k~oger< (53), Magelona japonica (55), Maldane
$arsi (70)

llaldune glebifex (71)

Cyclocardia  ventricosa  (119), !l’achy~ynchus ~eticulatus
(138), C’aduhs sp. (154)

C~eneZZa decussata (112), Cyclocardia c~ebz+costata (120),
Astarte polar~s (118)

Dac?ydim v{t~eum (113), Cadulus tolmei (156), Yoldia
secunda (111)

Odontogena borealis (123), Golfingia  marga.ritacea (206)

Nueula tenuis (107), Axinopsida  ser<cata (121), MyriocheZe
heeri (80), Pseph.id<a  Zordi (125), Oph<ura sarsi (221)

YoZdia sp. (109)

CapiteZZa c@itata (67), Ez&rellopsis integ~a (161),
Dentalium sp. (152], Urotkoe denticulata  (181), Spiophunes
eippata (54)

Melinna cristata (91), !Jic<ppe tumida (196), Sthenelais
fusca (9)

CZone gracilis (98), Euchone anal~s (100)

T7zaryx sp. (58), Ampkurete arctiea (86), l?raxi22eZ2a  graci2is
(76), Pista cristata (94), G2ycera cupitata (28), Byblis
gaimmdi (175), flete~ophxrus  oculatus (199)

Ctenodiscus crispatus (215), MoZpadia  intermedia  (223),
Ninoe gemmea (44), Yepthys punctata (26), EudoreZZa  emar-
ginata (158), Gonia& annulata (31), Onuphis hidescens
(36), Nepthys sp. (22), (%aetode~ma robustum (lo5),
Dental<um dalli (153), Leucon sp. (157), Diastylis  sp. (162),
CaduZus stearnsi (155)
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TABLE 5. Continued

Group Species

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

Lumbrineris zonata (43), Sternuspis seutata (66)

Nuculanu pernula (108), Th.yasira flexuosa (122) , Lumbrineris
sp. (40), Terebellides stroemi (96), Unioplus mac~aspis
(218)

Exogone sp. (16), Idanth.yrsus armatus (81), Peisidice aspera
(7), Metopa sp. (203)

Gnathia sp. (170), Clavipora oecidentalis (210), Tpposg22is
sp. (13), Iseh.noehiton albus (106), A~icidea suecica (48),
Phascolion st~ombi (208), Notoproctus paeificus (75),
Ouenia fusiformis (79), Harpiniopsis savpedroensis (198)

Calathura branchiata (168)

Laonice cimata (51), AmpeZisea birulai (173)

Tereb~atulina  e.rossei (212)

Cardiomya oldroydi (134), Ophiopenia disacantti (220),
Cardiomya pectinata  (132)

Pandora bili~ata (130)

Nereis proeera (20), Diastylis paraspinulosa  (164),
SuuvodriZZia sp. (145), Nereis pelagica (19)

Maeorna moesta alaskana (127), Pandora filosa (129), TuP-
bonilla sp. (149), Retusa obtusa (150), Odostomia sp. (148)

PoZiniees nanus (141), Roeinela bellieeps (169)

SuavodrilZia  #ilZeti (146)

Nereis sp. (18), Melinnu elizabetha (92), Onuphis geophiZi-
formis (35), Oenopota sp, (147)

Chone infundibuliformis  (w), Polinices pallidus (142)

Astarte montagui (117), Eudorella pacifiea  (160), Nicomaehe
Zumbriealis (73), Melita dentata (180)

Spiophunes bombgx (52), Cardiomya planetiea  (133), Hiatella
arctica (128), Aglaophamus rubella anops (27), Hippomedon
SP. (187), Areetoebea spinelytris (1)
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TABLE 5. Continued

Group Species

45

46

47

48

49

50

51

52

53

54

55

56

57

58

59

6 0

Brada viZZosa  (60), MeZita  sp. (179), Amphieteis maeronaha
(89), Ampez?kca  (171)

PhoZoe minuta (8), Artacwma coniferi (95)

Macoma calearea (126), .Protomedeia  sp. (183), Orehomene  SP.
(191), Harp&.ia  kobjakovae (197), Cyliehna alba (151),
Cistenides  brevicoma  (83),  Photis  cf. P .  reinhurdi (182]

Arie<dea jeff~eysi  (49), Hippomedon  kur{l<cus (188),
Harmothoe imbrieata  (5), DiastyZis c~, 1?. tetradon (165)

Anaitides  maeulata (10), Chaetozone setosa (59), OphiodPomus
pugettens<s  (12), Amph.ictene aur!eoma (82]

Brisaster townsendi (216), Stegophiura  (222), C’hionoeeetes
Spo (205)

Lyonsia norveg<ea (131), Bathymedon sp. (192)

GZycinde p<eta (29), Lumbineris bieirrata (41)

GZyeinde armigera (30), Ar<cidea  (47), Gattyana brunnea
(3), Lipidepeereum kasatka (189), Megalomma splendida  (101),
Anonyx oehotieus (185)

Ampharete aeutifrons  (87), Sol!ariella  varieosa  (137)

SolarieZZa  obseura (136)

Nepthys  eornuta (25), Spioehaetopterus  (56)

Travisia pupa (65), Amphicteis sp. (88), Gonia& maculata (32)

Amnotrypane  aulogaster  (64)

Paraphoxus sp. (200)

Westwoodilla  coeeuZa (195)
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Species group 17:

Species group 18:

Species group 19:

Species group 20:

Species group 21:

Species group 22:

Species group 23:

Species group 25:

Species group 26:

Species group 27:

Species group 28.

All species abundant in station 58 of group 4.
Cyclocardia ventricosa also found in station 43
of group 4. Species are present inH constancy
in station group 4 and H constancy in group 5 and
the shelf break group.

Very abundant (av. cell density=94.3) in station
group 4 and abundant (av. cell density=38.7)
in station group 7. Species are present inVH
constancy in group 7, H constancy in group 4 and
M constancy in inshore group 1 and shelf break
group.

Most abundant in group 6 (av. cell density=51.1)  also
abundant (av. cell density=15.3)  in inshore group 2.
Species are present inVH constancy in group 6, H
constancy in inshore group 2 and M constancy in
group 5, inshore group 1 and shelf break group.

Very abundant in shelf break group (av. cell density=
77.5) and abundant in station group 6 (av. cell
density=38.4). VI-I constancy in shelf break group
and group 6, ~ 50 constancy (Table 4) in all station
groups except station 39.

Very abundant in station group 4 (av. cell density=
135.2), inshore group 2 (av. cell density=l18.4)  and
group 5 (av. cell density=74.8).  H to VH constancy
in all groups except station 39.

Most abundant in station group 5, M to H constancy
in groups 5 and 6, and inshore groups 1 and 2.

Most abundant in station group 5. H constancy in
group 5, M constancy in group 4.

Most abundant in shelf break group and group 7. Very
low abundance elsewhere. H constancy in group 7,
patchy distribution in shelf break group.

Most abundant in shelf break group and groups 7 and 4.
Ubiquitous, M to H constancy in all groups except
station 39.

Most abundant in groups 5 and 7. Ubiquitous, M to
H constancy in all groups except station 39.

Most abundant in station groups 5 (av. cell density=
54.0), 6 (av. cell density=29.7) and inshore group 1
(av. cell density= 23.6) . Ubiquitous, ~ 50% constancy
in all station groups. 100% constancy in group 5 and
inshore group 1.
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Species group 29:

Species group 30:

Species group 31:

Species group 45:

Most abundant in inshore group 1 (av. cell density=
16.2) but abundance only slightly lower in all other
groups. Ubiquitous, 60z or greater constancy in all
groups.

Most abundant in group 7 (av. cell density=42.2),
present in lower abundance in shelf break group (av.
cell density=7.9). Very low abundance in all other
stations. H constancy in group 7, M constancy in
shelf break group L and VL constancy in all other
groups.

Most abundant in shelf break group (av. cell density=
13.0), present in lower abundance in group 6 (av. cell
density=4.6). H constancy in shelf break group, M
constancy in group 7. L orVL constancy and low
abundance in all other groups.

Hfidelityand VH constancy instation 39.

The species groups which characterize and differentiate the station
groups formed by cluster analysis of untransformed abundance data are as
follows:

Inshore group 1:

Inshore group 2:

Station group 4:

Station group 5:

Station group 6:

Species groups 20, 21, 22, 27, 28
Very similar to Inshore group 2 in terms of species
composition, but the abundance of species in species
group21 is much greater in inshore group 2 (Table 2).
Species groups 22 and 27 have a L fidelity andM toH
constancy in this group. Species groups 20, 21 and 28
have a very low fidelity but a M to VH constancy in
inshore group 1.

Species-groups 19, 21, 26, 29
Species groups 19, 21, 26 and 29 were present inL
fidelity butHto VH cons;ancy in inshore group 2.

Species groups 17, 18, 21
Species groups 17 and 18 have a H fidelity andH con-
stancy in this group. Species group 21 has aM fidelity
and H constancy in group 4.

Species groups 21, 22, 23and28
Species group 23 has aH fidelity andH constancy
in group 5. Species groups 22 and 28 haveM fidelity
and a M and VH constancy respectively in station group
5. Species group 21 has a L fidelity butH constancy in
this group.

Species groups 19, 20, 28
Species group 19 has M fidelity and VI-I constancy in
group 6. Species groups 20 and28 have L fidelity
butH toVH constancy in group 6.
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Station group 7: Species groups 5, 6, 18, 20, 21, 25, 26, 28, 30
Species groups 5, 6, 25 and 30 have MtoH fidelity
and H to VH constancy in station group 7. Species
groups 18 and 26 have a low fidelity but a high to
very high constancy in this group. Species groups
20, 21 and 28 have a very low fidelity butM to H
constancy in station group 7.

Shelf break group: Species groups 9, 20, 21, 25, 31
Species group 9 has a H fidelity and H constancy in
this group. Species groups 20, 25 and 31 have a M
fidelity and anM toVH constancy in the shelf break
group. Species group 21 has a VL fidelity but a H
constancy in this group.

Station 39: Species groups 16, 29 and45
Station 39 was distinguished from other stations by
the paucity of its fauna, the abundance of Maldane
glebifex (Species group 16) and presence of species
in group 45. Species group 29 had a VL fidelity but a
high constancy in station 39. “

A principal coordinate analysis using untransformed abundance data and
the Czekanowski coefficient (Fig. 6) revealed groupings similar to those
produced by cluster analysis (Figs. 3 and 4). The shelf break group and
station groups 5 and 7 produced fairly tight and distinct groups on plots
of the first and second (Fig. 6a), first and third (Fig. 6b) and second and
third coordinate axes (Fig. 6c) . Stations 58 and 43 (group 4) produced a
tight and distinct grouping on plots of the first and second axes but showed
considerable separation on all other plots. The greater abundance of the
bivalves, Crenella decussata, Cyclocardia  crebricostata and Psephidia lordi
and the brittle star Ophiura sarsi in station 58 as ‘compared to station 43
accounts for much of the separation between these stations. Inshore group 1
and inshore group 2 produced loose groupings on all three plots. Figure 6
indicates that there are closer similarities between inshore groups 1 and 2
and station group 6 than there are between any other groups (Fig. 6).

Loadings of stations on the first three coordinate axes of a principal
coordinate analysis of untransformed abundance data using the Canberra
“metric” similarity coefficient are s hewn in Figure 7. In this case
stations in inshore group 1, with the exception of station 5, formed a
relatively tight group on all axes. Station 5 exhibited considerable
separation from most other stations in inshore group 1, and was in fairly
close proximity to several of the shelf break stations. Stations 31 and
40 of inshore group 2 were interspersed among the stations in inshore
group 1. Station 41 was distinct from inshore group 1 stations on the
third coordinate axis while station 42 (inshore group 2) showed consider-
able separation from group 1 stations on all three axes. The separation
of station 42 from other stations in inshore groups 1 and 2 was caused by
species in species groups 38, 41 and 42 that were present in station
42 in low abundance (~ 11 ind/m2) ; these species were absent from the other
stations (Table 2) in inshore groups 1 and 2. Station groups 4, 5 and 6
were all contiguous with inshore group 1. Stations 58 and 43 (Group 4)
formed a tight group on all plots. The Canberra “metric” coefficient
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reduced the effect of the differences in the abundance of Crenella decus -
sata, Cyclocardia crebricostata, Psephidia lordi and Q!?Z!ZE.sarsi
between these two stations. Stations 56 and 57 (group 7) were still
quite distinct in relation to the other stations but they showed consid-
erable separation between themselves on the third coordinate axis. This
separation was probably caused by species in species group 1 which were
predominantly found in station 56, and species groups 5 and 6 which were
predominantly found in station 57. The shelf break group stations form
a rather diffuse group and station 48 showed considerable separation from
the other stations in this group on the second and third coordinate axes.

Numerical Analysis; Transformed Abundance Data

A cluster analysis of natural logarithm transformed abundance data
delineated five station groups at the 37% similarity level; stations 39 and
42 did not join any of the groups formed (Figs. 8 and 9). Inshore groups 1
and 2 and station group 6, formed in the analysis of untransformed abundance
data (Figs. 3 and 4), merged to form a single large inshore group while
groups 4, 5 and 7 and the shelf break group remained unchanged (Figs. 8 and
9). Inshore group 1 and 2, and station group 6 were distinguished from
each other predominantly on the basis of differences in the abundance of
dominant species by cluster analysis of untransformed data (Table 2). They
were fused when the influence of the dominant species was reduced by
applying a natural log transformation. The presence, in station 42, of
species from species groups 15, 38, 41 and 42, which are rare in all other
stations, distinguished station 42 from the other stations in the inshore
group.

Principal coordinate analysis using the Czekanowski coefficient and
natural logarithm transformed abundance data (Fig. 10) generally confirmed
the results of the cluster analysis (Fig. 8). Stations 53 and 54 (Fig. 10)
were always contiguous with stations from the inshore group while all
other station groups exhibited a greater separation from the inshore
group. Loadings of the ‘stations in the inshore group on the third axis
showed considerable spread.

Principal
.

coordinate analysis using natural logarithm transformed
data and the Canberra “metric” coefficient (Fig. 11) greatly reduced the
effect of differences in abundance on the analysis and therefore increased
the influence of rare species. Nevertheless, the groupings apparent in
this analysis were similar to those formed by the other treatments of trans-
formed data. Again station 5 showed some separation from the other stations
in the inshore group as did station 48 from the other shelf break stations.
Station 5 was unique among the stations in the inshore station group in having
representation among species groups 20 and 31 which are typically charac-
teristic of the shelf break stations. The fauna in species group 5
appeared to be transitional between that of the inshore group(s) and the
shelf break group. Station 48 differed from other stations in the shelf
break group by the presence of species from species groups 24, 33, 41,
42 and 43. However

4
all of these species were present in extremely low

abundance (~ 4 ind/m ) and were collected in only one or two of five grab
samples.
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When the Canberra “metric” coefficient was used with both transformed
and untransformed data in principal coordinate analyses, stations in
the shelf break group were expanded in space and stations in the inshore
group were contracted as compared to results obtained with the Czekanowski
coefficient (Figs. 6, 7, 10 and 11). This would seem to indicate that
the stations in the shelf break group had relatively high similarities
in terms of abundant species and lower similarities among the rarer
species, whereas in the inshore groups the opposite is true. An examin-
ation of the faunal composition of these stations supports this view
(unpub. data from OCSEAP submitted to the National Oceanographic Data
Center).

Numerical Analysis; Binary Data

A cluster analysis based on presence-absence data using the S4renson
similarity coefficient was performed to examine the relationship of
station 30 to all other stations. The fauna at station 30 was quite
different from other stations, and it was the last station to be fused
in the cluster analysis (Fig. 12). The combined presence of the bivalves
Yoldia scissurata, Yoldia amygdaiea and !Y..WQ2 norve::;a) the poly-
chaetes Nepthys ciliata and Haploscoloplos elongatus the brittle
star Diamphiodea craterodmeta distinguished this station from the
other stations in the NEGOA area.

Numerical Analysis Comparing Station Groups

A cluster analysis was also performed using station groups as entities
and species as attributes in order to examine the relationship between
the station groups (Fig. 13). The Czekanowski coefficient was used with
untransformed abundance data. Inshore groups 1 and 2 and station group
6 were the first groups to be linked by this analysis (Fig. 13). Then,
at the 31x similarity level, station group 4 was linked with station
group 5 and the shelf break group was linked with group 7 (Fig. 13) .
Stations 30 and 39 had the very low similarities with the other station
groups (Fig. 13).

Sediment Analysis

Data on sediment type is presented in Table 6 and Figure 14 (sedi-
ment size data from A. S. Naidu in Burrell 1976). In order to present
sediment data in the ternary diagram (Fig. 14), sand and gravel fractions
were summed. Station 57 and stations in station group 5, and the shelf
break group are closely associated in the te’rnary diagram (Fig. 14), but
these groups can be distinguished from each other on the basis of the
proportion of gravel present (Table 6).

Data collected by Feely and Cline (1977) on the distribution of sus-
pended matter 5 m above the bottom is presented in Figure 15. The high
suspended particulate concentrations over the shelf area from west of
Yakutat Bay to Resurrection Bay are derived principally from runoff from
the Malaspina and Bering Glaciers and the Copper River (Feely and Cline,
1977). Lower concentrations of suspended matter were found near the 200
m contour and the shelf south of Yakutat Bay (shelf break stations,
Fig. 4), on Tarr Bank (stations 56, 57; Fig. 4), and in Hinchinbrook
Entrance.
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(Inshore group) by cluster analysis of transformed number of individuals/m2
data.
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TABLE 6. Sediment size distribution by station group.

Station Number Depth % Gravel % Sand % Silt % Clay

Inshore Group 1
32
52
2
4
1
3
5

50
51
49
55

Inshore Group 2
31
41
40
42

Group 4
43
58

Group 5
53
54

Group 6
7

28
59

Group 7
56
57

Shelf Break Group
26
35
33
44
48
27
6

Station 30

Station 39

179
53

219
200
263
220
174
164
135
186
117

117
119
195
93

117
97

279
204

220
239
334

64
67

148
179
219
181
117
129
151

43

549

0
0
0
0
0
0
3.12
0
0
0
0

0
0
0
0

0
0

0
0

0
0.27

24.39
26.59

4.32
1.18

3.01
19.95
13.17
6.27

0

0.42
0.44
3.35
0.42
1.08
0.40

16.84
2.50
0.27
7.71
1.26

1,68
0.31
0.23

10.58

4.39
3.41

28.07
27.94

36.11
6.87

42.49
14.20

8.47
44.96

50.64
15.54
10.49
37.69

0.10

51.09
37.83
33.85
30.70
37.10
31.92
20.25
33.30
39.54
49.53
48.22

62.70
49.37
44.53
58.88

35.85
47.00

46.02
43.47

21.59
52.66

18.05
29.39

53.64
33.42

22.95
33.51
43.56
23.42

61.15

48,.49
51.72
62.80
68.87
61.82
67.68
59.80
64.20
60.19
42.75
50.52

35.62
50.12
55.24
30.54

59.76
49 ● 59

25.91
28.49

42.29
40.20

15.07
26.83

33.57
20.44

23.40
31.00
32.88
32.62

38.75

202



Abundance, Biomass and Diversity

Abundance, biomass and diversity data arranged according to station
groups, are presented in Table 7. The abundance of infaunal organisms was
much higher in inshore group 2 than in inshore group 1 as a result of
the increased abundance of members of species group 21 in inshore group
2 (Table 2). The high abundance of species in species group 21 at sta-
tions in inshore group 2 is also reflected in an increased Simpson diver-
sity and decreased Brillouin evenness in inshore group 2 relative to in-
shore group 1 (Table 7). Diversity (measured by both the Shannon and
Brillouin indices) was highest in stations 56 and 57 (group 7) and the
shelf break stations. Dominance (Simpson diversity and Brillouin evenness)
was relatively low in these stations. The abundance of the fauna was
highest in station group 7. The fauna at the shelf break stations had an
intermediate abundance but the lowest biomass relative to all other sta-
tion groups. Stations in station groups 4 and 5 had a relatively high
abundance of infaunal organisms. The high Simpson diversity and low
Brillouin evenness values for station groups 4 and 5 indicated that there
was a relatively h?gh dominance in these stations. Psephidia lordi and
Ophiura sarsi were co-dominants in station group 4 while Ophiura sarsi
was dominant in station group 5.

Trophic  Structure

The trophic structure of station groups formed by cluster analysis of
untransformed abundance data is shown in Table 8. Deposit feeders dominate
the fauna in inshore groups 1 and 2, station groups 5 and 6 and station
39. The ratio of deposit feeders to suspension feeders decreased slightly
in the shelf break group while the fauna in station groups 4 and 7
station 30 was dominated by suspension feeders. The distribution of
motility classes within the station groups is also presented in Table
Sessile organisms represented less than 30% of the fauna (by numbers)
all station groups except group 7, the shelf break group and station
where about 50% of the fauna were sessile.

Summary of the Results

and
the
8.
in
39

1. Inshore groups 1 and 2 and station group 6 delineated by cluster
analysis of untransformed data were fused by cluster analysis using natural
logarithm transformed abundance data. Although there were similarities
between the fauna of inshore groups 1 and 2 (Table 2), these groups were
separated by cluster analysis of untransformed data primarily on the basis
of differences in the abundance of species in species group 21 (Table 2).
Station group 6 was separated from inshore groups 1 and 2 primarily by
the increased abundance of species groups 19 and 20 in station group 6
(Table 2). Deposit feeders dominate the fauna of these three station
groups (Table 8). Stations in inshore groups 1 and 2 are located in
areas with a high suspended load above the bottom (Fig. 15). The sedi-
ment at these stations was composed primarily of silts and clays (Fig. 14,
Table 6). Stations in station group 6 are located in areas with a lower
suspended load above the bottom (Fig. 15) . Sediment data are available
for only two (Stations 7 and 28) of the three stations in group 6. The
sediment size distribution in these two stations, differed markedly from
each other (Table 6, Fig. 14). A visual examination of the grab samples
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Table 7. Abundance, biomass and diversity of benthic sampling stations. Stations are arranged according to the
station groups formed by cluster analysis of untransformed abundance data.

Abundance Biomass No. of Simpson Shannon Brillouin
Station # (#/m2) (gm/m2) Species Diversity Diversity Diversity Evenness

Inshore Group 1

32
52
2
4
1
3
5

50
51
49
55

3.26412
194
232
262
330
460
416
416
294
650
463

i 375

135.1
39.8

282.9
118.2
354.2
409.0
114.3
180.5
198.5
173.8
225.9

202.9

49
34
39
69
41
51
75
51
39
58
68—
52

0.07
0.06
0.07
0.04
0.08
0.04
0.04
0.04
0.05
0.05
0.08

0.05

1.33
1.21
1.26
1.42
1.25
1.41
1.51
1.41
1.31
1.41
1.32

1.35

0.83
0.86
0.87
0.85
0.83
0.87
0.87
0.88
0.88
0.84
0.77

0.85

0.68
0.63
0.76
0.74

3.05
3.18
3.61
3.08
3.43
3.77
3.45
3.25
3.40
3.25

3.34N

E
Inshore Group 2

31
41
40
42

984
1442
812
912

~ 1038

194.6
139.2
98.9
73.6

126.5

47
69
51
84—
63

0.13
0.14
0.08
0.07

0.42

2.62
2.71
3.00
3.29

1.10
1.14
1.26
1.37

2.91 1.22 0.70

0.73
0.59

0.66

0.78
0.62

0.70

Group 4

43
58

1112
1654

~ 1383

112.6
143.7

256.3

68
55—
62

0.09
0.16

0.12

3.12
2.38

2.75

1.31
1.36

1.34

Group 5

53
54

1436
1056

~ 1246

212.1
370.2

291.1

84
59—
72

0.06
0.19

0.12

3.50
2.53

3.02

1.46
1.06

1.26



TABLE 7. Continued

Abundance Biomass No. of Simpson Shannon
Station # (#/m2) (gm/m2) Species Diversity Diversity

Group 6

7 740 102.6 73 0.08 3.19
28 544 67.4 62 0.09 3.17
59 302 38.2 43 0.08 3.08—

Brillouin
Diversity Evenness

1.31 0.74
1.30 0.76
1.24 0.81

1.28 0.77~ 528 69.4 59 0.08 3.15

Group 7

56
57

1590
1270

194.3
178.7

132
102

117

0.08
0.06

0.07

3.74
3.69

3.72

1.56 0.76
1.54 0.80

1.55 0.78i 1430 186.5

Shelf Break Group~W
26 518

498
630
980
755
600

1448

% 775

23.8
24.5
53.4
51.3
32.1
26.4
43.1

36.4

55
87
79

124
125
68
99

91

0.04
0.04
0.06
0.02
0.03
0.05
0.10

0.05

3.51
3.75
3.50
4.20
4.05
3.48
3.34

3.69

1.45
1.52
1.43
1.73
1.66
1.43
1.40

1.52

0.87
0.84
0.80
0.87
0.84
0.82

25
33
44
48
27
6 0.72

0.82

Sta. 30

Sta. 39

905 41.0 51 0.26 2.19 0.92 0.55

340 27.4 40 0.15 2.70 1.09 0.73



TABLE 8. Distribution of motility and feeding classes in station groups.
SE=sessile, DM=discreetly motile, M=motile,  DF=deposit feeder,
SF=suspension feeder, P=predator, S=scavenger (Table 1). The
data is arranged according to station groups formed by cluster
analysis of untransformed abundance data.

Motility (%) Feeding Class (%)
Station group SE DM M DF SF P s Other

Inshore group 1 29 30 41 70 28 1 1 0

Inshore group 2 22 14 64 63 24 9 3 1

Station group 4 5 58 37 27 60 12 <1 1

Station group 5 10 13 77 70 8 19 3 0

Station group 6 12 29 59 87 6 5 2 0

Station group 7 51 13 36 26 53 9 12 0

Shelf break group 53 17 30 55 32 6 6 1

Station 30 2 54 44 18 54 7 22 2

Station 39 52 4 44 72 4 14 8 1
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taken at the third station in group 6, station 59, indicated that the
sediment was predominantly silts and clays.

2. Station 5 was placed in the inshore group by cluster analyses
using both untransformed and transformed data. However, principal
coordinate analyses (Figs. 7, 10 and 11) indicated that it also had some
affinities to the shelf break group stations. Station 5 appears to be
transitional between the inshore group and the shelf break stations in
terms of both its fauna and sediments (Fig. 14).

3. Station 42 was linked with stations in inshore group 1 in a
cluster analysis of untransformed data by the abundance of species in
species group 21 in all the stations in that group. However, the presence
of species from species groups 15, 38, 41 and 42 separated station 42
from the other stations in the inshore group and when transformed data
was used station 42 did not join any cluster group. The sediment at
station 42 was predominantly silts and clays mixed with a small amount
(10%) of sand (Fig. 14).

4. Station group 4 was dominated by species in species groups 21,
18 and 17 (Table 2). This group was distinguished from inshore group 1
and 2 and station group 6 by species groups 17 and 18 and 29 (Table 2).
The sediment at the stations in this group was predominantly silt and
clay. The fauna was dominated by suspension feeders.

5. Station group 5 showed some affinities to inshore groups 1 and
2 and station group 6 (Figs. 7, 10 and 11; Table 2). However, species
groups 23 and 28 distinguished this group from inshore groups 1 and 2 and
station group 6. Both of these stations are located in Hinchinbrook
Entrance and the sediment at these stations consists of sand intermixed
with silts and clays (Fig. 14) . The fauna was dominated by deposit
feeders (Table 8).

6. Station group 7 was a rather distinct group with some similarities
to the shelf break group stations (Tables 2 and 5). These stations are
located on Tarr Bank and the sediment contained appreciable amounts of
sand and gravel (Table 6). The fauna at these stations was dominated by
suspension feeders (Table 8).

7. Shelf break group was dominated by species in species groups 20
and 31. The sediment at these stations was composed of sand and gravel
mixed with silts and clay (Table 6). The fauna in this group was predom-
inantly composed of deposit feeders (Table 8). The biomass of the fauna
in the shelf break stations was very low (Table 7).

8. Station 30 did not join any station groups formed by a cluster
analvsis using presence-absence data. The four most numerous species were
Axin;psida  - ‘“serrlcata, Ampelisca macrocephala, Nepthys ciliata, and Lum-
brineris zonata. The fauna at station 30 was dominated by suspension
feeders (Table 8).

9. Station 39 did not join any of the station groups formed by a
cluster analysis of both untransformed and transformed abundance data.
The fauna at this station was dominated by the polychaete Maldane glebifex
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(species group 10) and the polychaete Maldane sarsi, and members of species
groups 29 and 45 were common. The sediment at this station was silt and
clay with a trace of sand (Table 6) and the fauna was dominated by deposit
feeders (Table 8).

DISCUSSION

Numerical Analysis

Both cluster and principal coordinate analyses require subjective
decisions that will influence the nature of the results. These decisions
are (1) should the data be standardized or transformed; (2) selection of a
similarity coefficient; and (3) selection of a clustering strategy or
method of ordination. A subjective judgement delimiting the groups formed
must also be made either by examining a dendrogram (classification) or
loadings of points on coordinate or component axes (ordination). Rather
than select a single strategy we decided to use several strategies, and
select those groupings which seemed to make the most sense in terms of
environmental parameters.

We utilized cluster analysis as the primary technique for delineating
station and species groups. Similarity matrices for cluster analysis
routines were calculated using the Czekanowski coefficient with untrans-
formed and natural logarithm transformed data. We selected the Czekanowski
coefficient rather than the Canberra “metric” coefficient for cluster
analysis routines because the Czekanowski coefficient tends to emphasize
the effects of dominant species. Raphael and Stephenson (1972) found that
the Czekanowski coefficient with its emphasis on dominant species produced
station groups that were more closely related to abiotic attributes.
Clifford and Stephenson (1975) state “The implications of this appear to
be that a reasonable stress [emphasis] on dominant species is preferable to
stress on the infrequently occurring ones if indications of the importance
of abiotic factors are -required. [Thus], Contrary to expectation the best
indicator species at least in the above studies [Raphael and Stephenson,
1972] of the marine benthos were not the uncommon ones”. Dicks (1976)
found in his studies of the benthos :in the North Sea that rare species
could not be sampled well enough, even with 10 grabs per site, to be
reliable indicator species. Furthermore, we have found that the use of
the Canberra “metric” coefficient, especially when used with transformed
data, can result in spurious distinctions caused by rare species which
are inadequately sampled (Feder et al., 1977).——

Boesch (1973) used a double standardization to eliminate the effects
of differences in abundance between individuals. He argued that two
species which might have “similar habitat requirements, yet one is always
much more abundant than the other,” would appear to be dissimilar in an
analysis unless abundances are standardized. We agree that some form of
standardization or transformation should be utilized. However, differences
in abundance may also imply that differences in the suitability of the
habitat for the species in question may, in fact, exist. In the absence
of a thorough knowledge of the habitat requirements of the species utilized
for the analysis we feel that both untransformed and transformed or stan-
dardized data should be examined.

208



We have found that the group-average sorting strategy gives useful
results and we have used it exclusively here. Boesch (1973) and Stephenson
et al. (1972) used both group average and “flexible” sorting strategies
(Lance and Williams, 1966) . Boesch (1973) found the flexible strategy
yielded “the more instructive classification” while Stephenson et al.
(1972) using a variety of criteria found both strategies to have merit.
In future studies we plan to compare the results obtained by both of
these methods.

Principal coordinate analysis was used as an aid in interpreting
the results of the cluster analysis routines. The use of both the
Czekanowski and Canberra “metric” coefficients with transformed and un-
transformed data in principal coordinate analyses enabled us to compare the
relative similarity of stations as delineated by analyses ranging from one
which placed a strong emphasis on the numerically dominant species
(Czekanowski coefficient, untransformed data) to one placing an almost
equal emphasis on all species regardless of their abundance (Canberra
“metric” coefficient, transformed data),

Cluster analysis of untransformed data formed groups (Figs. 3 and 4)
which had the closest correlation to abundance and diversity (Table 7).
There were large differences in the abundance and diversity of the fauna

inshore groups 1 and 2 formed by cluster analysis of untransformed
~~ta (Table 7). However, when transformed data was used, the influence of
dominant species was reduced, and inshore groups 1 and 2, with the excep-
tion of Station 42, were fused into a single group (Figs. 8 and 9). The
diversity of station 42 was higher than that of the other stations in in-
shore group 2 (cluster analysis, untransformed data; Table 7). In this
single case, the analysis of transformed data separated station 42 from
the inshore group where it appears to have been misplaced by the analysis
of untransformed data in terms of its diversity.

Station groups formed by cluster analysis of transformed data (Figs.
8 and 9) had the best correlation with the grouping of stations according
to sediment type (Fig. 14; Table 6). Except for stations 5 and 7, sta-
tions in the single large inshore group, formed by cluster analysis of
transformed data (Figs. 8 and 9), contained fine sediments. Station 42 had
a higher percentage of sand than the stations (except stations 5 and 7)
in the inshore group and, it did not join any cluster groups when
transformed data was used. Station 5 contained considerably more gravel
than the other stations in the inshore group (Fig. 14; Table 6). This
station was classified as a member of the inshore group(s) by cluster
analysis of both untransformed and transformed data. However, principal
coordinate analysis indicated that this station had similarities to both
the inshore and the shelf break group stations (Figs. 7 and 11). The sedi-
ment size distribution in station 7 differed markedly from that of other
stations in the inshore group (Fig. 14; Table 7). However, there is no
evidence from either cluster analysis (Figs. 3 and 8) or principal coor-
dinate analysis (Figs. 6, 7, 10 and 11) that its fauna differed greatly
from the inshore group or group 6 stations.

Principal coordinate analysis was useful for (1) identifying mis-
classification resulting from cluster analysis such as the inclusion
of station 5 in one of the inshore groups (Figs. 3, 4, 8 and 9) and (2)
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examining similarities between station groups. A~ examination of the
results of the principal coordinate analyses, indicates that station
groups 4 and 5 were more similar to the inshore group stations than
they were to either station group 7 or the shelf break group (Figs. 6,
7, 10 and 11). The results of a cluster analysis comparing station
groups (Fig. 13) also indicated that station groups 4 and 5 have closer
affinities to the inshore group stations than to stations in the shelf
break group and group 7.

Factors Influencing Faunal Distributions

The major discontinuities in the spatial distribution and diversity of
the fauna in the northeastern Gulf of Alaska were closely related to sediment
characteristics (Fig. 14; Table 6). The exclusion of suspension feeders
from silt-clay sediments has been noted by many investigators (Davis,
1925 ; Jones, 1950; Sanders 1956, 1958 ; Thorson, 1957 ; McNulty et al.,
1962) . Rhoads and Young (1970) hypothesized that the activities of dep~it
feeders excludes suspension feeders by creating an easily-resuspended un-
stable sediment-water interface which tends to clog the gills of suspension
feeders, bury or inhibit settling of their larvae and prevent attachment
of epifauna. Sediment instability may also act to exclude suspension
feeders by requiring an excessive energy expenditure to maintain contact
with the overlying water (Myers, 1977). Throughout much of the NEGOA
shelf high sedimentation rates result in poorly consolidated fine deposits
(Molnia and Carlson, 1977) which, according to Rhoads and Young (1970)
should tend to exclude suspension feeding organisms. This exclusion,
in fact, appears to occur in NEGOA. Stations in inshore group 1 and 2
are located in areas where the suspended load was high (Fig. 15) and the
sediments were fine (Fig. 14); the fauna at these stations was dominated
by deposit feeders (Table 8). The fauna at stations 53 and 54 (group 5)
was also dominated by deposit feeders (Table 8); the sediment at these
stations w a s composed predominantly of silts and clays mixed with 27
to 28X sand. The shelf break stations and stations 56 and 57 (station
group 7) contained increasingly greater amounts of sand and gravel mixed
with silts and clays (Table 6), and the suspended load at these stations
was relatively low (Fig. 15). The relative abundance of suspension
feeders was slightly greater in the shelf break stations than in stations
of inshore groups 1 and 2, and suspension feeders were the dominant trophic
group in stations 56 and 58 (Table 8). However, the trophic structure of
stations 43 and 58 (station group 4) appeared to be at variance with the
hypothesis of Rhoads and Young (1970). The fauna of these stations consisted
primarily of suspension feeders (Table 8) even though the sediments were
fine. We have no quantitative data on the water content or shear strength
of the surficial sediments and a visual examination of grab samples pro-
vided no indication that the substrate at these stations, was firmer than
it was in the inshore group stations. The suspension feeding bivalves
Psephidia lordi, Crenella decussata, Cyclocardia crebricostata and Astarte
polaris were numerical dominants at stations 43 and 58. If, as Figure 15
appears to indicate, the sedimentation rates are relatively low in stations
43 and 58, burial and gill clogging may be less of a problem for suspension
feeders in these stations. In addition, the small size and relatively low
bulk density of Psephidia lordi and Crenella decussata may allow them to
maintain themselves near the sediment surface in soft muds (Thayer, 1975).
Specimens of Astarte polaris and Cyclocardia crebricostata taken at these
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stations were also small in size (<1.5 cm). Young and Rhoads (1971) noted
that suspension feeding species which had successfully colonized unstable
substrates in Cape Cod Bay had developed adaptations to alleviate fouling
of feeding structures and maintain a stable position relative to the sub-
strate. Further study is required to determine the existance and nature
of mechanisms that might enable P. lordi, C. decussata, C. crebricostata— —
and A. polaris to adapt successfully to conditions caused by an unstable
substrate.

Discontinuities in the distribution of sessile species were also
noted (Table 8). The percent abundance of sessile organisms was low in
all station groups except the shelf break group, group 7 and station 39
(Table 8). Stations in the shelf break group and group 7 are located in
areas with relatively low sedimentation rates (Fig. 15; Molnia and Carlson,
1977) and coarse sediments (Fig. 14; Table 6). Station 39 is the only
station which had high concentrations of sessile organisms and contained
fine sediments. However, this station was located in an area where the
sedimentation rate would be expected to be low (Fig. 15). Jumars and
Fauchald (1977) postulated that sessile species would tend to be excluded
from areas with disturbed sediments or high sedimentation rates due to
the effects of burial and “alteration of local sediment characteristics,
probably giving an advantage to those individuals who can move to locally
optimum conditions’. Jumars and Fauchald (1977) further hypothesized
that the relative abundance of sessile individuals would decrease as the
flux of organic material to the substrate decreased. They reasoned
that in areas with a limited food supply “the foraging radius required
for adequate nutrition exceeds the reach of most sessile individuals” .
Since much of the sediment deposited in the northeastern Gulf of Alaska
is of glacial origin it might be expected that these sediments would be
relatively low in organic carbon. In Port Valdez, Alaska there are
minima in organic carbon concentrations in sediments adjacent to the
mouths of streams draining directly from glaciers (Sharma and Burbank,
1973) . The exclusion of sessile organisms from areas in the Gulf of
Alaska with a high suspended load above the bottom may be due in part
to low concentrations of organic material in sediments which are pri-
marily glacial in origin. Finally, it is obvious that the lack of a
suitable substrate for attachment would exclude many sessile organisms
from areas with fine unconsolidated sediments.

SUMMARY

The numerical analysis routines utilized in this S t u d y were suc-
cessful in identifying station groups which correspond to differences
in the size distributions of the sediment and the trophic structure of
the fauna. However, the question of how the properties of these different
sediment types control the distribution of organisms remains largely un-
answered. Measurement of biologically meaningful
(Rhoads

sediment parameters
and Young, 1970; Johnson, 1974; Levinton, 1977; DeWilde, 1977;

Rhoads, 1977) and studies of morphological and behavioral adaptations
in response to sediment characteristics are required before we can hope
to answer this question.
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Cluster analysis of untransformed data indicated that there were
differences in faunal distributions between inshore groups 1 and 2 even
though these stations were very similar in terms of trophic structure and
sediment size distributions. Feder et al. (1973, 1977) also found dis-
continuities in faunal distributions ~ve~ the extremely uniform sediments
(Sharma and Burbank, 1973) of the deep basin in Port Valdez, Alaska.
We still know very little of the factors which affect the distribution
of soft bottom benthic species (Levinton, 1977). However, there is a
growing body of evidence that most deposit feeding organisms probably
depend on bacteria as a primary source of food (Zhukova, 1963; Newell,
1965 ; Brinkhurst and Chua, 1969 ; Fenchel, 1970; Hargrave, 1970; Kofoed,
1975a, 1975b) . As a first step in understanding distributions of soft
bottom species, fluxes of organic carbon to the sediment, turnover of
organic matter in the substrate , and bacterial biomass should be measured.
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APPENDIX IV

DISTRIBUTION MAPS OF THE DOMINANT SPECIES IN THE
NORTHEASTERN GULF OF ALASKA (NEGOA)
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Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-33. --Distribution and relative abundance by
weight of total king crab in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-34. --Distribution of catch rates by weight of
total king crab in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-35. --Distribution and relative abundance by
weight of snails in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-36. --Distribution of catch rates by weight.of
total snails in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-37. --Distribution and relative abundance by
weight of total clams in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-38.--Distribution of catch rates by weight of
total clams in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BL31/OCS  survey, 1976).

Figure VIII-39 .--Recurrent species groups and their rela-
tionships in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976). Fractions
indicate the ratio of the number of observed species-pair
affinities between groups to the maximum number of
possible connections (maximum possible connections for
any two groups = product of number of species within
both groups). Dotted lines indicate associated taxa
showing affinity with some group members, but not all.

Figure VIII-40.--Occurrence of recurrent group 1 in Norton
Sound, the southeastern Chukchi Sea, and adjacent waters
(BLM/OCS survey, 1976).

Figure VIII-41.-Occurrence of recurrent group 2 in Norton
Sound, the southeastern Chukchi Sea, and adjacent waters
(BLM/OCS survey, 1976).

Figure VIII-42. --Occurrence of recurrent group 3 in Norton
Sound, the southeastern Chukchi Sea, and adjacent waters
(BLM/OCS survey, 1976).

274



Figure VII1-A3.-Occurrence of recurrent group A in
Norton Sound, the southeastern Chukchi Sea, and
adjacent waters (BLM/OCS survey, 1976).

Figure VIII-44. —Occurrence of recurrent group 5 in Norton
Sound, the southeastern Chukchi Sea, and adjacent
waters (BLM/OCS survey, 1976).

Figure VIII-45---Distribution and relative abundance by
weight of saffron cod in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BI.M/OCS survey, 1976).

Figure VIII-46. —Distribution of catch rates by weight
of saffron cod in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VI1l-47 .—Size composition of saffron cod by sex and
stratum in Norton Sound, the southeastern Chukchi Sea,
and adjacent waters (BLM/OCS survey, 1976).

Figure vII1-48. —Age composition of saffron cod by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-49 .--Mean lengths-at-age and growth curves
fit to the origin for saffron cod by sex and otolith
area in Norton Sound, the southeastern Chukchi Sea,
and adjacent waters (BLJ1/OCS survey, 1976).

Figure VII1-50. —Weight-at-length observations for saffron
cod by sex and otolith area in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976)e

Figure WII-51.—Distribution and relative abundance by
weight of starry flounder in Norton Sound, the south-
eastern Chukchi  Sea. and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-52.—Distribution
starry flounder in Norton
Chukchi Sea, and adjacent

of catch rates by weight of
Sound, the southeastern
waters (BLM/OCS survey, 1976).

Figure VIII-53---Size composition of starry flounder by
sex and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-54.—Age composition of starry flounder by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).
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Figure VIII-55. --Mean lengths-at-age and growth curves fit
to the origin for starry flounder in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure vIII-56. —Weight-at-length observations for starry
flounder by sex and otolith area in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-57 .—Distribution and relative abundance by
weight of shorthorn sculpin in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-58 .--Distribution of catch rates by weight of
shorthorn sculpin in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS surveyf  1976).

Figure VIII-59 .--Distribution and relative abundance by
weight of Pacific herring in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-60 .--Distribution of catch rates by weight of
Pacific herring in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-61---Size composition of Pacific herring by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-62---Age composition of Pacific herring by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-63. --Mean lengths-at-age and growth curves fit
to the origin for Pacific herring by sex and otolith area
in Norton Sound, the southeastern Chukchi Sea, and adjacent
waters (BLM/OCS survey, 1976).

Figure VIII-64. --Weight-at-length observations for Pacific
herring by sex and otolith  area in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-65---Distribution and relative abundance by
weight of toothed smelt in Norton Sound, the south-
eastern Chukchi Sea,*and adjacent waters (BLM/OCS survey,
1976).
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Figure VIII-66. —Distribution of catch rates by weight of
toothed smelt in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-67 .—Size composition of toothed smelt by sex
and stratum in Norton Sound, the southeastern Chukchi
Seav and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-68 .—Age composition of toothed smelt by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and “adjacent waters (BLM/OCS  survey, 1976).

Figure VIII-69. —Mean lengths-at-age and growth curves fit
to the origin for toothed smelt by sex and otolith area
in Norton Sound, the southeastern Chukchi Sea, and
adjacent waters (BLM/OCS survey, 1976).

Figure VIII-70.—Weight-at-length observations for toothed
smelt by sex and otolith area in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-71 .--Distribution and relative abundance by
weight of Alaska plaice in Norton Sound, the south-
eastern Chukchi  Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-72.--Distribution of catch rates by weight of
Alaska plaice in Norton Sound, the southeastern Chukchi
Sea? and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-73.—Size composition of Alaska plaice by sex
and stratum in Norton Sound, the soutlieastern  Chukchi
Sea$ and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-74---Age composition of Alaska plaice by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-75. —Mean lengths-at-age and growth curves fit
to the origin for Alaska plaice by sex and otolith  area
in Norton Sound, the southeastern Chukchi Sea, and
adjacent waters (BLM/OCS survey, 1976).

Figure VIII-76.--Weight-at-length observations for Alaska
plaice by sex and otolith area in Norton Sound, the
southeastern Chukchi Sea? and adjacent waters (BLM/OCS
survey, 1976).
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Figure VIII-77---Distribution and relative abundance by
weight of yellowfin  sole in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,1976).

Figure VIII-78. —Distribution of catch rates by weight of
yellowfin sole in Norton Sound, the southeastern
Chukchi  Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-79.--Size composition by sex and stratum for
yellowfin sole in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-80 .--Age composition of yellowfin sole by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-81 .--Mean lengths-at-age and growth curves fit
to the origin for yellowfin sole by sex and otolith area
in Norton Sound, the southeastern Chukchi Sea, and adjacent
waters (BLM/OCS survey, 1976).

Figure VIII-82. --Weight-at-length observations for yellowfin
sole by sex and otolith area in Norton Sound, the south-
eastern Chukchi  Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-83 .—Distribution and relative abundance by
weight of Arctic cod in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-84. --Distribution of catch rates by weight of
Arctic cod in Norton Sound, the southeastern Chukchi Sea,
and adjacent waters (BLM/OCS survey, 1976).

Figure vIII-85. --Size composition of Arctic cod by sex and
stratum in Norton Sound, the southeastern Chukchi Sea,
and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-86 .--Age composition of Arctic cod.by sex and
stratum in Norton Sound, the southeastern Chukchi  Sea,
and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-87 ,--Mean lengths-at-age and growth-curves fit
to the origin for Arctic cod by sex and otolith area in
Norton Sound, the southeastern Chukchi Sea, and adjacent
waters (BLM/OCS survey, 1976).
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Figure VIII-88 .—Weight-at-length observations for
Arctic cod by sex and otolith area in Norton Sound,
the southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-89.—Distribution and relative abundance by
weight of walleye pollock in Norton Sound, the south-
eastern Chukchi  Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-90.— Size composition of walleye pollock by
sex and stratum in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters. (BLM/OCS survey, 1976).

Figure VIII-91 .—Distribution and relative abundance by
weight of Bering flounder in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-92.— Size composition of Bering flounder by
sex and stratum in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-93 .—Age composition of Bering flounder by sex
and stratum in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-94. —Distribution and relative abundance by
weight of longhead dab in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-95 .—Distribution and relative abundance by
weight of Arctic flounder in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-96 .—Distribution and relative abundance by
weight of capelin in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-97.— Size composition of capelin by sex and
stratum in Norton Sound, the southeastern Chukchi Sea,
and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-98 .--Distribution and relative abundance by
weight of red king crab in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).
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Figure VIII-99.—Distribution of catch rates by weight
of red king crab in Norton Sound, the southeastern
Chukchi  Sea, and adjacent waters (BLM/OCS  survey, 1976).

Figure VIII-1OO. --Size composition of red king crab by
sex and stratum in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS  survey,
1976).

Figure VIII-101.--Distribution and relative abundance by
weight of blue king crab in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-102. —-Distribution of catch rates by weight
of blue king crab in Norton Sound, the southeastern
Chukchi Sea, and. adjacent waters (BLM/OCS survey,
1976).

Figure VIII-103 .--Size composition of blue king crab by
sex and stratum in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey,
1976).

Figure VIII-104. --Distribution and relative abundance
of Tanner crab (~. opilio) in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-105 .--Distribution of catch rates by weight of
Tanner crab (~. opilio)  in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-106. --Size composition of Tanner crab (~.
x) by sex and stratum in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-107 .--Distribution and relative abundance by—
weight of Neptunea heros in Norton Sound, the south-
eastern Chukchi  Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-108 .—Distribution of catch rates by weight
of Neptunea heros in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS  survey,
1976).
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Figure VIII-109.—Size composition by sex and strat-um for
Neptunea heros in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey’,
1976).

Figure VII1-11O. —Distribution and relative abundance by
weight of Neptunea ventricosa in Norton Sound, th(~
southeastern Chukchi Sea, and adjacent waters (’BLk[/OCS
survey, 1976).

Figure VIII-111 .—Distribution of catch rates by weight
of Neptunea ventricosa in Norton Sound, the south.
eastern Chukchi  Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure VIII-112 .—Size composition by sex and stratum for
Neptunea ventricosa in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-113 .—Distribution and relative abundance by
weight of Beringius berin~ii in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976),

Figure VIII-114. —Distribution of catch rates by weight
of Beringius beringii in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLlf/OCS
survey, 1976).

Figure VIII-115. —Size composition by sex and stratum for
Beringius beringii in Norton Sound, the southea:;tern
Chukchi Sea, and adjace;t waters (BLM/OCS survey,
1976).

Figure VIII-116. —Distribution and relative abundance by
weight of Pyrulofusus deformis in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters (ELM/OCS
survey, 1976).

Figure VIII-117 .—Distribution of catch rates by we~ight of
Pwulofusus deformis in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Figure VIII-l18.—Size composition by sex and stratlan for
P~ulofusus  deformis in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS  survey, 1976).

Figure VIII-119.~illnet  sites (+) and total numbe:r of
fish caught per sit~ during 1976 BLM/OCS survey of
Norton Sound, the southeastern Chukchi Sea, and adjacent
waters.
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Figure VIII-120. --Numbers; of pacific herring caught at
gillnet stations in ‘Norton Sound, the southeastern
Chukchi Sea, and adjlacent  waters (BL.M/OCS  survey, 1976).

Figure VIII-121. —Size composition by mesh size for Pacific
herring and toothe(~ smelt caught by gillnets in Norton
Sound, the southeastern Chukchi Sea, and adjacent waters
(BLM/OCS survey, 1,976).

Figure VIII-122. —-Numbers of toothed smelt caught at gillnet
stations in Norton So~md, the southeastern Chukchi Sea,
and adjacent waters (lBLM/OCS survey, 1976).

Figure VIII-123. --Numbers of salmon (all species combined)
caught at gillnet stal:ions in Norton Sound, the south-
eastern Chukch,i Sea, :and adjacent waters (BLM/OCS  survey,
1976).

Figure VIII-124.--Pelagic’ trawl stations in Norton Sound,
Che southea:;tern  Chukishi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Figure IX-I.--”Distribution and relative abundance by numbers
of Arctic cod in the :southeastern Chukchi Sea during
1959.

Figure IX-2 .--Distribution of catch rates by numbers of
Arctic c;od in the southeastern Chukchi Sea during 1959.

Figure IX-?~. —Size composition and mean size for five fish
species encountered during the 1959 AEC survey of the
southeastern Chukchi Sea. (Adapted from Alverson and
Wilim(wsky, 1966.)

Figure IY:-4. —Distribution and relative abundance by numbers
of Bering flounder in the southeastern Chukchi Sea during
1959  ●

Figure “IX-5. --Distributicm of catch rates by numbers of
Bering flounder in the southeastern Chukchi  Sea during
1959.

Figure. IX-6.--Distribution and relative abundance by
n~nnbers of toothed smelt in the southeastern Chukchi
Siea during 1959.

Figurle IX-7. --Distribution and relative abundance by numbers
of: saffron cod in the southeastern Chukchi  Sea during
10590
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Figure IX-8.—Distribution and relative abundance by
numbers of Pacific herring in the southeastern
Chukchi Sea during 1959.

Figure X-1. —Relative importance of demersal species
groups in the Norton Sound-Chukchi Sea and eastern
Bering Sea regions in terms of apparent biomass.
Biomass estimates are from results of the 1976
BLM/OCS baseline survey of Norton Sound and the
southeastern Chukchi Sea and from Alton (1976).

Figure X-2.—Average catch rates for dominant fish
species by stratum, depth, and temperature,
BLM/OCS survey, 1976. (Shaded bars and broken lines
represent strata south of Bering Strait. Unshaded
bars and dotted lines represent strata north of
Bering Strait.)

Figure X-3. —The proportion of total average catch rate
by stratum for the youngest two age groups of each
dominant fish species taken during the 1976 BLM/OCS
survey of Norton Sound, the southeastern Chukchi Sea,
and adjacent waters. (Numbers in parentheses indi-
cate the age groups for which a catch rate was
determined.)
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SIGNIFICANT ACCOMPLISHMENTS AND CONCLUSIONS

This report contains findings from an intensive six-week survey (Septem-
ber-October, 1976) of fish- and shellfish fauna in Norton Sound, the
southeastern Chukchi Sea, and adjacent waters and a brief review of
other pertinent information on the survey region from other data sources.

Norton Sound, the northern Bering Sea, Kotzebue Sound, and the south-
eastern Chukchi Sea represent a northern portion of the Alaska continental
shelf, and this report has provided the most comprehensive study of
these regions in terms of areal coverage and biological data collected. Of
the 242 separate demersal trawling sites planned for sampling, 192 were
successfully surveyed. In addition to the systematic demersal trawl
survey, 33 gillnet sets and 8 pelagic trawl tows were performed to provide
some knowledge of the areal distribution of those fish stocks located
near the sea surface in the survey region. Overall, 277 trawl and gillnet
catches were obtained during the survey and these contained a total
of nearly 30 metric tons of fish and invertebrates. Size composition
or other biological information was obtained from over 46,000 specimens
of fish, crabs, and snails. Over 200 fish and invertebrate species were
encountered.

Results of the survey defined the distributions and centers of abundance
of several fish, crab, and snail species within the survey region and
period. In addition, standing stock estimates and species composition
of demersal fauna by geographic subdivisions of the survey region were
determined. Analyses of species associations showed recurrent groupings
of certain species and their regional distributions. Estimates of biologi-
cal characteristics, including size and age composition, length-weight
relationships, and growth ‘characteristics, were provided for dominant
fish species and for several species of crabs and snails.

The 1976 baseline survey provided considerable information on the dis-
tribution and abundance of fish and shellfish in the study area. Overall,
the relative abundance was very low for nearly all organisms intensively
studied. A total biomass for all demersal fauna in the survey region
was estimated at only 338,000 mt and those groups studied in detail
(shellfish of potential economic importance and fish) comprised only
25% of this amount. In contrast, recent biomass estimates for similar
faunal groups in the highly productive eastern Bering Sea are 60 times
greater than that determined in our survey area.

Most species studied were found in highest relative abundance in shallow,
warm-water regions and greatest density occurred in Norton Sound. Highest
abundance in Norton Sound was especially apparent for the young age
groups of many fish species.
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Biological information gathered during the survey suggests possible stock
segregation of several species within the survey region. For many fish
species, growth rate and length-weight relationships determined from
samples obtained in areas north of Bering Strait differed from those
gathered to the south. Growth of most fish appeared greatest in areas
studied south of Bering Strait. Size composition and growth information
also indicated that individuals present in our survey region were smaller
and grew to lesser maximum sizes than members of the same species in
regions south of our study area.

Although this report may substantially add to our knowledge of certain
mar ine resources in northern areas of the Alaska continental shelf, this
study also indicates a need for considerably more information in order
to more adequately understand the dynamic nature of living marine
resources of this region. Other information should be obtained if we are
to make the proper decisions as to how man may manipulate or utilize these
resources and to understand to what extent environmental alterations such
as exploration for energy sources may affect this region.

286



111

INTRODUCTION

BACKGROUND

During September-October 1976, the Northwest and Alaska Fisheries Center
(NWAFC) , National Marine Fisheries Service (NMFS) conducted an offshore
baseline survey of fishes and economically important invertebrates inhab-
it ing continental shelf waters of Norton Sound, the southeastern Chukchi
Sea, and adjacent regions. This survey was funded by the Bureau of Land
Management and provided resource information both for BLMIS evaluation
of the influence on the environment by proposed oil and gas development
in the region and for the NMFS Marine Monitoring, Assessment, and
Prediction (MARMAP) program.

The study area, a relatively important region for subsistence fisheries
and for certain commercial fishing operations, includes extensive areas
where substantial petroleum reserves may exist (Figure III-l). Knowledge
of the living marine resources within such areas is essential if careful
evaluation is to be made of benefits derived from petroleum development
vis-a-vis potential detrimental effects to the environment.

The Bureau of Land Management has the responsibility for conducting
the offshore leasing. By law, BLM must provide an environmental impact
statement (EIS) assessing the environmental risks involved in developing
potential offshore oil reserves in Alaskan waters. NM therefore arranged
with the National Oceanic and Atmospheric Administration (NOAA) to provide
the necessary physical, chemical, and biological data for the regions
considered in this report. In Alaskan waters, NOAA’s Environmental
Research Laboratories (ERL) manage the environmental studies through its
Outer Continental Shelf Environmental Assessment Program (OCSEAP)  Office.
OCSEAP has contracted with various federal agencies, such as NMFS, the
State of Alaska, and several universities to conduct the necessary
research.

This report represents results from the 1976 baseline survey and from
the analyses of pertinent historical fisheries research information
and commercial fisheries data. It is a contemporary evaluation of fish
and shellfish resources of the marine environment from Norton Sound
northward through the Bering Strait and into the southeastern Chukchi
Sea. The report provides considerable information to aid the BLM in
an environmental assessment of the survey region and supplies the NMFS
MARMAY program with a broad multispecies data base of resource and
environmental measurements.
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Figure 111-1. --Study area for the 1976 BLM/OCS baseline survey of Norton
Sound and the southeastern Chukchi Sea and approximate areas of the
Alaskan continental shelf under consideration for leasing.
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OBJECTIVES OF THE REPORT

The objectives of the report are:

(1) to describe the Composition, distribution, and app=ent abundance
of demersal fish, shellfish, and certain pelagic fish resources of the
marine environment from Norton Sound north into the Chukchi Sea;

(2) establish, for the more abundant and possibly economically important
species, population characteristics that could change through environ-
mental stresses (e.g., stock size, age and size COmpOSitiOn, growth
rate, and length-weight relationships); and,

(3) compare information from the 1976 baseline survey period with his-
torical information.

ORGANIZATION OF FINDINGS

This report is organized in a manner similar to earlier NMFS baseline
studies (NWAFC, 1976) and initially acquaints the reader with a physical
description of the survey area (section IV) and then a description of
the fauna (section V). These are followed by sections pertaining to
historical information (section VI), an assemblage of data on fishery
resource utilization (section VII), and results of the 1976 survey
(section VIII). In the final section a synthesis and interpretation
of the results of the baseline study are presented.

TERMINOLOGY

Terms frequently used in this report and those for which definitions
may be difficult to find.in standard fishery and statistical texts are
defined here.

Species Names

The nomenclature used for fishes may be found in Quast and Hall (1972)
and the American Fisheries Society (1970). With the exception of some
crabs and molluscs, only scientific names are used for invertebrates.
The common names given for crab are those developed in commercial fisher-
ies, with one exception. The fishing industry prefers the name “snow
crabs” for members of the genus Chionoecetes, but “Tanner crab,!?  the
standard name used in scientific reports, is retained here.
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Fisheries-Related Term~’

Age group.—Within a population, those fish or invertebrates of the
same age. Age is the number of years of life completed.

Age structures.—For
on which annual rings

Carapace.--The dorsal

Catch per unit effort

fish, these are otoliths (ear bones) and/or scales
are laid down.

convex portion of a crab’s exoskeleton.

(CPUE), or “catch rate’’.—The  catch in n~bers or
weight taken per standard length of tow or area swept by the trawl.

Clutch size.—proportion of the crab’s egg chamber filled by the egg
mass*

Cohort.--Those individuals of a population of the same age group, i.e.,
of the same year class.

Exploitable biomass.--That  portion of a population of a susceptible
size and geographical distribution available to a fishery.

Maximum sustained yield (MSY).—The largest average catch or yield that
can continuously be taken from a stock under existing environmental
conditions.

Modelin~.—The development of mathematical equations to describe popula-
tion and/or ecosystem processes for heuristic and predictive purposes.

Mortality.--Often designated as “natural,” “fishing,” and “total” mor-

tality; may be expressed either as an instantaneous exponential function
or percentage decrease in population size per unit time.

Recruitment.—Addition of new fish or shellfish to the exploitable popu-
lation by growth from smaller size groups.

Skip molt. --In reference to an individual which did not molt during
the previous molting season.

Standing stock. --The total population of the species vulnerable to the
fishing gear in a specific area. Standing stock may be described in
terms of weight (biomass) or numbers of individuals (population).

Year class or brood year.—Year of birth of an age group.

~/ Some definitions are adapted from Richer, 1975.
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Geographical Designations

Arctic boreal.—A zoogeographic term describing species occurring in
the Bering Sea, Okhotsk Sea, and the Sea of Japan that have ranges
extending into the Arctic Ocean. LOW Arctic boreal species are those
limited to waters south of the Chukchi Sea in this region.

Inner Kotzebue Sound.—Defined here as that portion of Kotzebue Sound
south of a line from Cape Espenber& to Cape Blossom (near the village
of Kotzebue).

Inner Norton Sound.—That area of Norton Sound east of a line from Cape
mto Stuart Island”

Kotzebue Sound.—Defined here as that area of the Chukchi Sea east of
165W long. and south of 67°37tN lat.

Northern Bering Sea. —That portion of the Bering Sea north of a line
connecting Cape Navarin, St. Lawrence Island, and the mouth of the Yukon
River; west of Norton Sound; and south of Bering Strait.

Norton Sound.—Defined here as that body of water east of a line from
Cape Rodney to the mouth of the Yukon River.
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DESCRIPTION OF THE STUDY AREA

The area of investigation during the 1976 survey includes waters of
the northern Bering Sea , ~orton Sognd, Kotzebue Sound and the southeastern
Chukchi Sea between 63 and 68’40fN latitude and from the US-USSR
Convention line of 1867 eastward to the Alaska mainland. This northern
portion of the Alaskan continental shelf is unique in several respects,
especially its uniform shallowness. Maximum depth throughout the entire
140,000 sq km region barely exceeds 50 meters. Bottom slopes are very
slight except on approach to land masses such as in Bering Strait and
north of St. Lawrence Island. Isobaths are generally parallel to the
Alaska coastline and extend into the embayments  of Norton and Kotzebue
sounds (Figure IV-l).

Geological features of the coastline and sediments in the survey area
are typical of other regions of the Pacific Ocean (Fleming and Heggarty,
1966). Bottom composition close inshore consists of small rocks and
gravel and changes to mud and sand and eventually to grey mud and sand
in deeper offshore areas (Alverson and Wilimovsky, 1966). Extensive
amounts of silt occur off the mouths of various large rivers such as
the Yukon River in Norton Sound and Noatak and Kobuk rivers in Kotzebue
Sound.

The survey region is influenced by a variety of oceanographic and clima-
tological factors. Current systems within Norton Sound, the northern
Bering Sea, and Chukchi Sea are barotrophic, fairly uniform from surface
to bottom? and flow in a northward direction generally paralleling depth
contours (Fleming and Heggarty,  1966).

Three water masses are associated with the survey area: the Anadyr,
Bering Shelf, and Alaskan coastal which are descriptive of their sources.
The latter two mentioned exert the greatest influence on the survey
region, while the Anadyr water mass is important only in Bering Strait.
Coachman, ~ al. (1976) stated that current flow across the region is
not uniform. ~rrents generally are slow but accelerate markedly when
constricted by straits and along the southern coastlines of westward pro-
jecting landmasses.

The Chukchi  Sea is part of the Arctic Basin and, in oceanographic terms,
considered part of the Atlantic Ocean, separated from the Pacific Ocean
at Bering Strait. Current flow through Bering Strait, however, is
northward providing a continuity of conditions between the northern Bering
Sea and the Chukchi Sea (Fleming and Heggarty, 1966).
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Figure IV-1. --Bathymetry  of Norton Sound, the northern Bering Sea and
southeastern Chukchi Sea.
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Since the survey region is associated with arctic land masses, winters
are extremely harsh. Ice covers the study area for over seven months,
starting as early as mid-September in Kotzebue Sound with spring breakup
occurring during late June-July (Alverson  and Wilimovsky, 1966). Winter
water temperatures near the sea bottom approach freezing throughout
the region and vast ice flows cause extensive scouring of the littoral
zone sea bed from the beach to depths of at least six meters (Sparks
and Pereyra, 1966). In summer, water temperatures become relatively
warm, especially adjacent to the Alaska mainland. This is due in part
to the current system and overall shallowness of the study region. Waters
at all depths nearshore reach 15°C (Fleming and Heggarty, 1966). Surface
temperatures remain relatively warm throughout the survey area, but
bottom temperatures drop from 15°C nearshore to O-2°C at the western
extremes of the survey area north of St. Lawrence Island and also in
the northwesternmost portion of the study area in the Chukchi Sea (Figure
IV-2). Shallow water areas which contain relatively cold bottom tempera-
tures include inner Kotzebue Sound and the eastern extreme of Norton
Sound.

River systems have a substantial effect on the study region. Significant
quantities of fresh water are introduced into Norton Sound by the Yukon
River during May-August. Small but locally significant quantities also
flow into Kotzebue Sound from the Kobuk and Noatak rivers. The resulting
fresh water substantially dilutes the sea water, and salinity is often
less than 31°/00 adjacent to the Alaska coastline in the study region.
Fleming and Heggarty (1966) noted that the influence of river systems
(and currents) on waters of Norton and Kotzebue sounds creates more
or less isolated environments in these embayments.

\ . . . .; , ,F. , ..=, . .: ,”,. .,,  *.  f.

. . . . . . . . . .
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v

DESCRIPTION OF

FISH FAUNA

THE FAUNA

Norton Sound and the southeastern Chukchi Sea support about 87 fish
species belonging to 15 families (Table V-l). Of these, 78 species are
considered marine forms and seven families comprise over 85% of the
total fish fauna (Table V-2). Similar to the Bering Sea fish fauna,
Norton Sound and the Chukchi Sea have a higher proportion of cottids
and liparids than other oceans.

Schmidt (1950) reported only 66 species occurring in the northern Bering
Sea. Increased diversity in the study area can probably be attributed
to two reasons: inclusion of more arctic forms and extension of species
ranges since Schmidt’s study.

Benthic species comprise the majority of fish taxa (74% of total) in
the study area. Since the entire region is relatively shallow (see Section
IV) , deep benthic fauna are absent. The remainder of the fish taxa can
be considered pelagic, including a substantial number of anadromous
and euryhaline forms. Most of the pelagic species are of commercial
importance including such genera as Clupea, Osmerus, Oncorhynchus, and
Salvelinus.

The fish fauna of Norton Sound, the southeastern Chukchi Sea, and adjacent
waters are characterized by three distinct groups: (1) those coldwater
groups indigenous to Arctic marine waters including such taxa as Arctic
cod , longhead dab, Arctic flounder, and a number of cottoid and blennioid
species; (2) a subarctic boreal group whose distribution is centered
south of the study area in the Bering Sea or regions of the eastern
and western Pacific which includes saffron cod, yellowfin sole, Alaska
plaice, starry flounder, Pacific herring, and others; and (3) an ana-
dromous fresh-water group with several forms such as char, whitefish,
and smelt whose marine distribution occurs only in the estuarine and
other near-shore environments.

Since the survey region is closely associated with arctic waters, 23
species have ranges which extend to the Atlantic Ocean. Fourteen species
do not occur south of the northern Bering Sea or Gulf of Anadyr, and
an additional 27 taxa do not occur south of the Alaska Peninsula-Aleutian
Archipelago. According to Quast and Hall (1972), only 46 species can
be considered “endemic !~ pacific marine fOrllls.

,. .
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Table V-1, -- Families of fishes and approximate number of genera and species
reported from Norton Sound, the southeastern Chukchi Sea and adjacent waters
(after Quast and Hall, 19’72 ).

Family No. Genera No. Species

Petromyzontidae
# 1

Clupeidae 1
Sal.monidae 4

J2J

Osmeridae 3
Gadidae ; 4
Zoarcidae 3 10
Gasterosteidae

:ti
1

Hexagramnidae 1
Cottidae 11 2&
Agonidae 5 6
Cyclopteridae (= Liparidae) 2 6
Anarhichadedae 1
Stichaeidae + 7
Ammodytidae 1

_@
1

Pleuronectidae U

54

Not mentioned as occurring in study region, but range extends both north
and south of Norton Sound and the southeastern Chukchi Sea.

Includes several freshwater forms which may enter

Whitespotted greenling, Hexa ammus stelleri, was
*9Pe.er,the Bering Sea by Quast and Hall

obtained as far north as the southeastern Chtikchi
BLM/OCS s~~ey.

saltwater.

not reported north of
several specimens were
Sea during the.lgT6

Yellow Irish lord, Hemilepidotus jordani,  and the tadpole sculpin,
Pyschrolutes paradoxusj  were not reported from stUdY region bY QUSt ~d
Hall (1972), however, specimens were obtained during 1976 EIM/OCS survey.

Pacif+c halibut, Himo 10SSUS stenolepis, not reported in study region by
*Quast and Hall (1972 , however, one specimen was obtained in Bering Strait

during the 1976 BLM/OCS  survey.

Rock sole, Lepidopsetta bilineata, not reported in study region by Quast
and Hall (19’i’2), however, Ellson et al,(19~9)  indicated two individuals— .
captured 40 miles NE of St. Lawrence Is. and Andriyashev (1954) reported
rock sole present between St. Lawrence Island and the Gulf of Anadyr.
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Table V-2 .--Proportion of seven predominant families to total species
composition of Norton Sound-southeastern Chukchi Sea fish fauna.

&?@Y
Cottidae

Salmonidae

Pleuronectidae

Zoarcidae

Stichaeidae

Agonidae

Cyclopteridae

Percentage of total fish species

23

16

13

11

8

7

7

Total of seven dominant families : 85

Species groups of importance in the survey area because of their relative
abundance and/or diversity are: cods, flatfishes, sculpins, salmonids,
eelpouts , pricklebacks,  poachers, snailfish,  smelts and herring.

Four species of cods (family Gadidae) are reported by Quast and Hall
(1972) ‘to occur in waters of the study area: the Arctic cod (Boreogadus
saida), the saffron cod (Eleginus gracilis), the Pacific cod (Gadus morhua——
macrocephalus) , and walleye or Alaska pollock (TheraRra chalcogramma).
The range of Pacific cod, however, extends northward only to the southern
boundary of the survey’area near St. Lawrence Island. The more northern
cod forms, Arctic cod and saffron cod, are the dominant gadids in Norton
Sound, the southeastern Chukchi Sea, and adjacent waters.

Flatfish (family Pleuronectidae) are represented in the study region
by 10 species and 8 genera (Quast and Hall, 1972). These include arrow-
tooth flounder (Atheresthes stomias), flathead sole (Hipp Oolossoides  ella-
sadon ), Bering flounder (~. robustus), Pacific halibut (Hippogl~s
~lepis), yellowfin sole (Limanda aspera), longhead dab (~. yrobsci-
g), Arctic flounder (Liopsetta glacialis), starry flounder (Platichthys
stellatus), Alaska plaice (Pleuronectes quadrituberculatus),  and Greenland
turbot (Reinhardtius  hippoglossoides).  Dominant pleuronectid species in
the survey region include subarctic boreal forms such as starry flounder,
Alaska plaice, and yellowfin sole.

The most diverse family in the study area in terms of species is the
sculpins (family Cottidae). Quast and Hall (1972) list 20 species and
12 genera for this region. These include hamecon (Artediellus scaber),
Arctic hookear sculpin. (~. antlered sculpin (Enophrys dice-
raus), Leister sculpin (~. lucasi), Gynmocanthus yistilliger, A=c
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staghorn sculpin (~. tricuspid), yellow Irish lord (Hemilepidotus  ~-
dani), Hemilepidotus  zapus, spatulate sculpin (Icelus spatula), Me,qa-
~ttus laticeps, belligerent sculpin (y. ~latycephalus),  plain sculpin
(Myoxocephalus joak), fourhorn sculpin (~. quadricornis), ~. platycepha-
lUS , Arctic sculpin (y. scorpoides), shorthorn sculpin (~. scorpius
~enlandicus)  , eyeshade sculpin (Nautichthys pribilovius), and tadpole
sculpin (~chrolutes paradoxus). Dominant sculpins in the survey area
include the arctic boreal forms, plain sculpin and shorthorn sculpin, and
an arctic form, the Arctic staghorn sculpin.

Other families with several representatives in the survey region include
the salmon (family Salmonidae) with 14 species and 4 genera; the eelpouts
(family Zoarcidae) with 10 species and 3 genera; the pricklebacks  (family
Stichaeidae) with 7 species and 7 genera; the poachers (family Agonidae)
with 6 species and 5 genera; and the snailfish (family Cyclopteridae)
with 6 species and 2 genera. The families Osmeridae and Clupeidae
are represented only by 3 and 1 species, respectively, but the toothed
or rainbow smelt (Osmerus mordax dentex , ~. eperlanus) and Pacific herring—  —  —
(Clupea haren~us pallasi) are n~erous and commonly occur in the Norton
Sound-southeastern Chukchi Sea region.
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12iVERTEBlL4TE FAUNA

Extensive studies by Sparks and Pereyra (1966) have provided substantial
information for most invertebrate fauna in the southeastern Chukchi
Sea, but very little data is available concerning invertebrates in Norton
Sound. Prevailing currents in these areas are northerly and originate
in the Bering Sea (see Section IV). Sparks and Pereyra (1966) stated
that this results in great similarity between invertebrate fauna found
in the southeastern Chukchi Sea and that present in the Bering Sea.
Although little is known specifically about invertebrate stocks in Norton
Sound ~ this portion of the study region lies between the Bering and
Chukchi Seas, and therefore it seems reasonable to expect considerable
similarity between Norton Sound and Chukchi Sea invertebrate fauna.

Invertebrates form the most diverse and abundant group in the benthic
community of the study region. According to Abbott (1966) and Sparks
and Pereyra (1966), 14 invertebrate phyla are present in the study area.
When combined, these phyla represent 91 families, 145 gener+ and over
220 species (Table V-3). Most organisms encountered are Pacific boreal,
and the absence of many higher arctic forms probably results from the
northward currents which impede southerly migrations by all but highly
mobile forms.

Table V-3 .--Invertebrate phyla and approximate number of classes, families,
genera, and species reported present in the southeastern Chukchi Sea
(after Sparks and Pereyra, 1966: and Abbott, 1966):

Numbers of various taxonomic  levels
Cannon names for present by

Phylom
phyl urn

phylum representatives Classes Families Renera S pecles

PORIFERA

COELENTERATA  (= CNIDARIA)

CTENOPHCRA

NEMERTIA

BRYzoA  (= EcTOpROCTA)

E!RACHIOPODA

SIPUNCULOIDEA  (=SPICULANA)

pi+ IAllILolDE,4  (= PRIAPuLA)

ECHIUROIDEA  (=ECHIURA)

t+3LLUSCA

ANNELIDA

ARTHROPOOA

ECHINODEWIATA

CHOROATA  (=TuNIcATA)

Sponges

Coelenterates

Combjellies

Ribbon worms

Moss animals

Lambspells

Coelomate worms

,,

m

Clams. snai ls,  squids, etc.

Segmented worms

Barnacles, shrimp, and crab

Starfish and others

Ascfdians

9

11

7

11

11

2

Y
3

y

1

I

1

54

5

27

15

12

12

11

2

y

3

~1

1

1

1

97

5

44

21

23

Totals: 30 91 145 223

IJ Not reported.
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Mollusca, Arthropoda, Echinodermata,and Tunicata are the dominant faunal
elements of the benthic invertebrate community of the study region.
The se four phyla constitute 83 percent of all species present. Other
phyla with several representatives include Porifera and Coelentrata.

Molluscs represent the most diverse phylum present in the study region.
Sparks and Pereyra (1966) list four classes present: the bivalves (class
Pelecypoda)

~
snails and whelks (class Gastropoda), octopuses (class

Cephalopoda , and amphineurids (class Amphineura) with the former two
classes predominating.

Bivalve molluscs are represented by 16 families in the study region.
Some principal families include the cockles (family Cardiidae),  the
macoma clams (family Tellinidae),  and the nut clams (family Nuclididae).
These three families comprise eight species in the study region including
abundant forms such as the Greenland cockle (Serripes groenlandicus),
Iceland cockle (Clinocardium  ciliatus), chalky macoma (Macoma calcarea),
and the smooth nut clam (Nucula tenuis). Although not taken during
offshore sampling, Sparks and Pereyra (1966) observed windrows of the bay
mussel, Mytilus edulis,  on Chukchi Sea beaches.

Gastropod molluscs are an extremely diverse element of the fauna. Sparks
and Pereyra (1966) listed 18 families present with the superfamilies
Neptuneidae and Buccinidae contributing most species. Predominant members
of these families include the fat neptune (Neptunea ventricosa),  ~.
heros, the fragile buccinum (Volutopsius fragilis), Bering’s buccinum
(Berin ius berin ii), the polar buccinum (Buccinmyolare), the silky
bucci~(~ariforme) , and ~. angulosum.  The latter two species
are indicated by Nagai (1974) as comprising a significant portion of
eastern Bering Sea commercial snail harvests by Japan.

Two classes and 14 families of Arthropods are present in the survey
region according to Sparks and Pereyra (1966). Decapod crustacea is
by far the dominant class comprising three shrimp families (Crangonidae,
Hippolytidae, and Pandalidae) and four families of crab (Paguridae,
Lithodidae, Majidae, and Atelicylidae). Prominent representatives of these
families include organisms such as crangonid shrimp (Sclerocrangon  boreas
and Argis lar), hmnpy shrimp (Pandalus gonurius), hermit crabs (Pagurus
spp.), king crabs (Paralithodes spp.), Tanner crab (Chionoecetes opilio),
spider crabs (Hyas spp.), and the helmet crab (Telemessus cheira.qonus).
Several of these crustaceans are of economic importance in other regions.
King crab comprise a relatively important portion of sport and subsistence
fisheries catches within the survey region.

Echinodermata is represented by relatively few species (21); however,
in terms of weight caught in trawls, this phylum is by far the dominant
element of the entire benthic community of the study area (Sparks and
Pereyra, 1966). Four classes are present, Asteroidea (starfish), Ophiuroi-
dea (basketstars and brittlestars), Echinoidea  (sand dollars), and Holo-
thuroidea (sea cucumbers), with the former two classes being most
prevalent. Asteroidea ts represented in the survey region by four
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families, the most diverse being Asteriidae. Common forms of this family
include Leptasterias spp., Asteria amurensis, and Evasterias SPP. Four
families of ophiuroideans  also are present and consist of two types: a
single species of basketstar (GorgonocePhalus  caryi) and several species
of brittlestars (Ophiura sarsii, ~. maculata, Ophiopholis  aculeata, and
others).

The other dominant invertebrate group within Norton Sound and the
southeastern Chukchi Sea is Tunicata, the ascidians. Abbott (1966),>listed
7 families present in the study area with the more common being Styelidae
and Pyuridae. Dominant forms in these families include: Styela coriacea,
~. rustics macrenteron, Dendroda puchella,  the sea. onion (Boltenia  ovifera
and & echinata),  and the sea potato (Tethvm auranti~).
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VI

A BRIEF SYNOPSIS OF RESEARCH IN NORTQN SOUND
AND THE SOUTHEASTERN CHUKCHI SEA

Although scientific activities have occurred within the survey region
for nearly two centuries, most studies have been concerned with examining
the hydrographic and geodetic aspects of these northern Alaska waters.
Only in fairly recent times have surveys been directed specifically
toward obtaining detailed information on fish and invertebrate resources.
Early biological studies in the Chukchi Sea (summarized by Wilimovsky,
1966) primarily focused on the collection of indigenous fish and inverte-
brates and while these investigations greatly enhanced basic knowledge
of arctic fauna, little quantitative information was obtained.

It seems likely that many investigators who passed northward through
the Bering Strait also made observations in waters to the south, however,
specific information is lacking regarding surveys of Norton Sound and
the northern Bering Sea. The Soviet Union sponsored extensive trawl
surveys of both the Chukchi and northern Bering Seas in 1932-33. Informa-
tion from these surveys was used by Andriyashev (1937) to provide con-
siderable knowledge on northern fishes. Exploratory fishing surveys
of Norton Sound and areas north of St. Lawrence Island by the U.S. Fish
and Wildlife Service in 1948-49 were reported by Ellson, Powell, and
Hildebrand (1950), but only general comments were made regarding the
distribution and abundance of fish and shellfish. Japan provided the
most recent northern Bering Sea surveys (1968-1970); however, their
area coverage only extended to just south of the 1976 BLM/OCS survey
boundary.

The only extensive attempt to identify the magnitude and importance
of marine resources in the survey region occurred as a result of studies
funded by the Atomic Energy Commission in the Cape Thompson region of the
southeastern Chukchi Sea in 1959-60. Ths investigations were performed as
part of Project Chariot to establish environmental baselines for deter-
mining the effects of a nuclear explosion on the biota of the region. Data
from several of these Cape Thompson studies provide much of the data
base to which the 1976 BLM/OCS survey information could be compared.
These investigations include studies of the oceanography (Fleming and
Heggarty, 1966), benthic invertebrates (Sparks and Pereyra, 1966; and
Abbott, 1966), and fishes (Alverson  and Wilimovsky, 1966) of the region.
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VII

A REVIEW OF COMMERCIAL AND SUBSISTENCE
FISHERIES IN THE SURVEY REGION

Utilization of fishery resources in the Norton Sound-Chukchi Sea region
is fairly limited and falls into two categories—commercial operations
and subsistence fisheries. Co~ercial activities are limited solelY
to harvests of salmon and herring, and subsistence fisheries, though
also relying heavily on these pelagic fish, additionally utilize limited
amounts of groundfish and shellfish (Table VII-I). This section Presents
a brief synopsis of both cormnercial  and subsistence activities, identi-
fying major harvest areas and catch levels over the past several years.

Table VII-1. --A partial list of fish and shellfish harvested commercially
and for subsistence in Norton Sound, the southeastern Chukchi Sea, and
adjacent waters in 1976. (Source: State of Alaska Department of Fish
and Game.)

Chum salmon
Pink salmon
King salmon
Coho (silver)
Red {sockeye]

salmon
salmon -,

Whitefish (Coregonus  spp.)~’
Sheefis@’
Pacific herrin
Toothed smel~ 7
Arctic coc@/
Saffrm co#/

Greenlin
f

1/
(Hexagrammus sp.)–

Sculpins_/
Halibu&/
Flounder (family Pleuronectidae)4’
Mussel 1/
~la~v
~ng era@/

&/
Taken for subsistence only.
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Commercial Fisheries

Salmon. —Salmon gillnetting  ,is the principal commercial fishery in the
survey region. Five species are harvested in Norton Sound waters with
the vast majority of catches being pink and chum salmon. The only
substantial fishery north of Bering Strait is in Kotzebue Sound, and chum
salmon have accounted for over 99’% of yearly harvests in this area. Local
residents comprise nearly the entire commercial fishing force within the
survey region.

Annual commercial salmon harvests in the Norton Sound region have ranged
from 74,000-316,000 fish for the period 1962-1976 (Table VII-2) and
have averaged about 170,000. During that time, chum salmon have comprised
nearly 65% of the total catch, followed by pink salmon with 29%. Coho
and king salmon account for most of the remainder, with red salmon taken
only in trace amounts in any year. During the 15-year period examined,
largest harvests occurred during 1974 and 1975. The commercial catch
for 1976 of 192,000 salmon was considerably below the two highest catch
years but still substantially above the 15-year average and only slightly
less than the average salmon harvest for the past five years (1972-1976),

Table VII-2 .--Commercial catches of salmon by year and species in the Norton
and Kotzebue sound regions, 1962-1976. (Source: State of Alaska Department
of Fish and Game).

Norton Sound Kotzebue Sound
Area -

Year King Red @ho Pink Chwn total Chum ~ther& ‘reatotal

1962 7,2S4 18 9,256 33,187 182, ?84 232,431

1963 6,613 71 16,765 55,625 254,789 233,863

1964 2,018 326 98 13,567 148,862 164,671
1965 1,449 30 2,Q30 220 36,795 40,524

1966 1,553 14 5,755 3.2,778 80,245 100,345

1967 1,804 - 2,379 28.879 41,756 74,818

1968 1,0’45 6,885 71,179 45,390 124,499

1969 2,392 6,836 89,949 n, 795 178,972

1970 1,853 - 4,423 64,908 107,034 178,218

1971 2,593 - 3,127 4,895 131,362 141,977

1912 2,885 450 45,143 101,235 149,713

1973 1,918 - 9,282 46,499 119,098 176,797

1974 2,951 2,092 148,519 162,267 315,829

1975 2,321 - 6,218 32,820 216,443 257,802

1976 2,206 3.2 6,709 87,889 96,102 192,917

z/ ~~~lY ~i~ ~al~, but .elso :acludes Ww ad re’d @al~.

129,948

54,445

76,499

40,034

30,76fI

29,400

30,384

59,335

259,664

154,956

169,664

375,432

634,479

561,710

159,796

127

143

5

—

1
—

.-

48

1

3

5

48

130,075

54,588

76,504

40,034

30,765

29,400

30.384

59,383

159,664

L54,957

169,667

375,437

634,527

561,710

159,796

305



Commercial catches in Kotzebue Sound have ranged from 29,000 to over
634,000 fish during the past 15 years and have averaged nearly 180,000.
Chum salmon is essentially the only species taken in this region; a
few pink, king, and red salmon are taken occasionally. Highest annual
harvests again occurred in 1974 and 1975 (Table VII-2). Approximately
160,000 salmon were harvested commercially in 1976. This catch was the
lowest since 1971 and only slightly more than half the average taken
over the past five years.

Herring. —Commercial fishing for herring occurs primarily in Norton
Sound by local inhabitants and foreign gillnet fleets. Fishing is
performed primarily with gillnets and occasionally by, beach seines;
herring roe is the main product of commercial operations. Most harvests
occur after winter ice break-up in May-June, while herring are in spawning
concentrate ions.

Specific areas of herring harvests by local inhabitants are not known;
however, most operations in Norton Sound are thought to occur near Stuart
Island and in Golovin Bay. Catch statistics for commercial fishing by
local residents are extremely limited. The earliest record of commercial
harvests was in 1964 when about 18 rat were taken (Table VII-3). Catches

Table VII-3. --Commercial harvest of Pacific herring by local inhabitants
in Norton Sound. (Source: State of Alaska Department of Fish and Game).

Year Catch in metric tons

1964 18.1

1965

1966

1967

1968

1969 —

3.970 7.3

1971 17.7

1972 S5.3

1973 32.3

1974 3*1

1975 y

1976 7.7

Al Not available.
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since that time have been small and sporadic with largest catches of
15-32 mt occurring from 1971-1973. The commercial herring harvest for
1976 was less than 8 mt.

Herring harvests by Japanese gillnet fleets also have been highly variable
since operations started on a limited scale in 1968. The initial fishing
operations that year appeared to be exploratory, with a total catch
of 125 mt. From 1969-1971, effort increased dramatically (Table VII-4),
but catches peaked in 1969 at 1,270 mt and never approached that amount
thereafter. In 1972 Japanese gillnet effort dropped to low levels and
remained low until 1974 when it nearly equalled levels of 1969-71. The
total annual harvest at that later time, however, was only half the
maximum amount taken five years earlier. In 1975, the last year for
which Japanese catch statistics are available, total herring harvest
and effort levels were the lowest recorded for the fishery.

Table VII-4 .--Commercial harvests of Pacific herring by Japan in Norton
Sound and the northern Bering Sea, 1968-1975. (Source: Japan Fisheries
Agency. )

Year C a t c h  ~mt) Effort (tans)

1968
1969
1970
1971
1972
1973
1974
1975

125
1,270

54
621
11
25
720

5

2,750
33,380
32,290
45,720

9,610
9,270

30,050
450

Throughout the years that Japan has conducted a Pacific herring fishery
in the survey area, catches have been taken almost entirely from central
Norton Sound, especially near Stuart Island (Figure VII-1). Harvests
outside Norton Sound (west of 165~. longi~ude) in the northern Bering
Sea have been very small, less than 5% of any yearly catch.

The extent that the Japanese harvests have affected Pacific herring
stocks in the survey region is unknown. However, annual gillnet effort
during 1970, 1971, and 1974 nearly equalled or exceeded amounts fished
during the peak catch year of 1969, but catches during these later years
failed to approach the 1969 harvest.
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Subsistence Fisheries

Salmon. --Salmon taken in the subsistence fisheries are used both for
human consumption and dog food. Subsistence catch data prior to the
early 19601s is very limited but some early records indicate that over
2 million salmon were taken annually during the early 1900’s (Alaska
Department of Fish and Game, 1976). Declines in subsistence fishing
started in the 19301s as airplanes replaced the sled dog as a mail
carrier. This decline accelerated in recent years as welfare payments and
employment opportunities increased (including commercial fishing) and snow
vehicles came into use. Since considerable numbers of salmon (and other
fish) were used to feed sled dogs, fewer fish were needed as canine
populations declined. Thus, rather than reflecting fish abundance, the
decline in subsistence fishing mainly reflects less fishing effort and
less dependence on fish due to a changing way of life for inhabitants in
the region.

Subsistence salmon harvests in Norton Sound have ranged from 22,800
to 55,000 fish (Table VII-5) and averaged about 35,000 during 1962-1976.
For the same period, catches in Kotzebue Sound ranged between 16,000
and 70,000 fish (Table VII-5) with an overall average of about 29,000.
As in the commercial fisheries, subsistence harvests in Norton Sound
included catches of chum, pink, coho, and king salmon, while catches
in Kotzebue Sound were almost entirely chum salmon.

Table VII-5. --Numbers of salmon by year and species taken for subsistence
purposes in the Norton and Kotzebue sound regions, 1962-1976. (Source:
State of Alaska Department of Fish and Game.)

Norton Sound Kotzebue Sound
Year King Coho Pink Churn Area total Area total~i

1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976

— — -- --

5 118 16,607 17,635
565 2,567 9,225 12,486
574 4,812 19,131 30,772
269 2,210 14,335 21,873
817 1,222 17,516 22,724
237 2,391 36,912 11,661
436 2,191 18,562 15,615
561 4,675 26,127 22,763

1,026 4,097 10,863 21,815
756 1,928 12,214 12,942
392 520 14,770 7,185
420 1,064 16,426 3,958
186 192 15,078 6,449
203 1,004 18,409 7,867

-

34,365
24,843
55,289
38,687
42,279
51,201
36,804
54,126
37,801
27,840
22,867
21,868
21,905
27,483

70,283
31,069
29,762
30,500
35,588
40,108
20,814
29,812
28,486
23,959
11,085
18,942
26,729
27,605
15,765

~’ Chum salmon only.
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HerrinR.  —The full extent of subsistence fishing for herring is unknown.
In 1976, the only year for which data are available, the subsistence
herring harvest in Norton Sound was estimated at about 14 mt, approxi-
mately twice the level of the commercial harvest. No figures are available
for any other portion of the survey area. Apparently utilization of
herring by local inhabitants decreases northward along the Alaska coast.
Harvest levels north of the Yukon River are substantially lower than
to the south. A primary reason for this difference is due to increased
commercial fishing and greater availability of terrestrial big game
animals in the more northern regions.

King crab.—A few red king crab are taken annually from Norton Sound
by residents of Nome. Fishing occurs nearshore and during winter months
with small crabpots or hand lines set through holes chopped in the ice.
Annual amounts taken by this fishery are unknown; however, the State
of Alaska has limited harvests to a maximum of 500 crab (either sex)
per person.

,,

..

,..,
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RESULTS OF THE 1976 OCSEAP BASELINE SURVEY OF FISH
AND SHELLFISH OF NORTON SOUND, THE NORTHERN

BERING SEA, AND SOUTHEASTERN CHUKCHI SEA

METHODS

Survey Approach and Rationale

This 1976 OCSEAP survey was designed to estimate the spatial distribution,
abundance, and population characteristics of fish and shellfish of poten-
tial economic importance in Norton Sound, the northern Bering Sea, and
southeastern Chukchi Sea, which are areas under consideration for petro-
leum exploration and development. A study of demersal fauna was the
primary thrust of the survey. Inasmuch as large segments of some fish
stocks were thought to occur in mid-water and near the sea surface,
limited off-bottom sampling was also incorporated into the survey design.

For sampling and analytical purposes, the survey area was subdivided
into four major subareas. Demersal trawling stations were arranged in
a systematic manner within each subarea (Figure VIII-l). At each station
a one-half hour d~ersal trawl haul was performed. Subdivisions of the
survey area and the density of demersal  stations within each subarea
were based on the location of potential oil lease sites, levels of impact
from possible environmental alterations, and limited prior knowledge
of the distribution patterns of principal fish and shellfish species
in the study area. A description of each subarea with respective demersal
sampling density follows:

Subarea 1, containing about 41,000 sq km , includes mostly’ offshore
waters (from 25-65 m in depth) from Bering Strait to Point Hope, and
nearshore areas along the north coast of the Seward Peninsula and north of
Kotzebue Sound with depths greater than 9 m. This subarea is included in
proposed oil lease regions and has been an occasional site of high-seas
salmon fishing by foreign nationals. Sampling density was planned at one
demersal station per 750 sq km.

Subarea 27 containing approximately 12,000. Sq km , is another region
of proposed oil exploration and an area for commercial and subsistence
salmon fishing by residents of the Kotzebue area. This subarea includes
all waters of Kotzebue Sound, deeper than 9 m., and waters outside
Kotzebue Sound west to approximately 166%7 longitude and north to
approximately 67°30~N latitude. Sampling density was planned at about one
demersal station per 375 sq km.
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Subarea 3, containing nearly 47,000 sq km , is another region of possible
oil exploration within the survey boundaries. This area includes waters
of the northern Bering Sea, between depths of 9 and 65 m from 165w
longitude west to the US-USSR Convention Line of 1867 ~nd from St.
Lawrence Island north to Bering Strait, including Port Clarence. Sampling
density was the same as in subarea 1.

Subarea 4, containing over 31,000 sq km , includes most waters of Norton
Sound east of 166°W longitude, ranging from 9 to 30 m in depth. This
subarea is the occasional site of substantial herring fisheries by foreign
nationals as well as the location of commercial salmon fishing and
subsistence fisheries for residents of the coastal towns and villages of
Nome, Unalakleet, St. Michael, Stebbins, and others. This region is also a
possible area for petroleum exploration. Sampling density was the same as
in subarea 2.

Preliminary examination of the 1976 survey information regarding species
composition, size and age compositio~ and species catch rates indicated
need for further division of the subareas for detailed analysis. Each
subarea was divided into two sections forming a total of eight strata
for the data analysis (Figure VIII-2). This subdivision was based on
preliminary examination of data on all species combined rather than
on individual species.

The above mentioned planning and sampling pattern pertains directly
to demersal resource assessment, the primary portion of the survey.
Mid-water trawling and surface gillnetting were incorporated into this
demersal sampling system. Pelagic trawl tows were planned to occur on
an opportunity basis, whenever off-bottom fish targets were encountered
during transit between the demersal stations. The pelagic tows also
were one-half hour in duration. The setting of gillnets  occurred each
evening and fishing time for this gear usually ranged between 8-10 hours.
The location of each gillnet set was determined by selecting a site
in close proximity to a series of demersal stations which could be
occupied while the gillnets were fishing.

Because of the extensive amount of planned sampling and the relatively
short time period in which the survey could be completed, it was necessary
to deviate from the usual daytime-only trawling protocol as during
earlier BLM baseline demersal  trawl surveys. Trawling operations for this
survey were conducted on an around-the-clock schedule. Since 24-hour
operations were used, a portion of the alloted survey time was set aside
to determine whether species composition and catch rates differed signifi-
cantly between day and nighttime trawling. When differences were identifi-
ed, fishing power factors were determined so that all catch information
could be pooled into a standardized data base. Details regarding the
design, analyses , and results of the day-night comparative fishing trials
are given in Appendix D.
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Vessel and Fishing Gear

The NOAA research ship Miller Freeman was the only vessel used during
the 1976 OCSEAP survey of Norton Sound, the southeastern Chukchi Sea,
and adjacent waters. The Miller Freeman is a 1500 gross ton, 2200 horse-
power stern trawler with an overall length of 65.5 m and equipped with
a variable pitch propeller.

Fishing gear for the survey included the modified eastern demersal trawl
used during earlier baseline surveys (NWAFC, 1976), the BCF Universal
trawl for pelagic trawling, and a series of gillnet shackles connected
together to form a 640 m long floating gillnet.

Each shackle of gillnet was 91 m (300 ft) x 5.5 m (18 ft) and contained
a different mesh size of monofilament nylon. Seven mesh sizes (seven
shackles) were planned to be fished at each gillnet station. These mesh
sizes included: 21 nrc (0.83”) (stretched mesh measure), 35 man (1.38~’),
42 mm (1.65”), 63.5 mm (2.50”), 82.5 mm (3.25!’),  114.3 mm (4.50”)9 and
133.4 nun (5.25”). The gillnet was fished with a radio buoy, marker pole,
and floats attached to one end. Only a marker buoy and floats were
attached to the other end of the gillnet set.

Both demersal and pelagic trawls were fished with 2.1 m x 3.0 m steel
V-design trawl doors and their codends were lined with 31.8 mm (1.25!’)
mesh web for retention of small fish. A set of four 45.7 m (150 ft)
dandylines were fished with the demersal trawl, two connected to each
wing. Six 54.9 m (180 ft) dandylines were used with the pelagic trawl,
3 connected to each wing. Descriptions of the trawls are given in Figures
VIII-3 and VIII-4.

Sampling Procedures

Prior to the actual demersal fishing operations, some stations were
first surveyed by echosounder to establish the condition of the bottom.
At inshore stations where highly uneven or muddy and thus untrawlable
bottom might be encountered, a two-mile echosounder transect was run
over the station to determine both its trawlability  and a course which
would provide a uniform depth throughout the length of the tow. If the
echosounder  trace indicated rough bottom, the vessel proceeded to the next
station rather than spending additional time searching for a trawlable
area. If the echosounder trace indicated muddy bottom, a test set of
5-10 minutes was attempted. If extensive mudding of the trawl resulted
from the test set, the station was abandoned.

Station positioning was by Loran C with radar fixes used at nearshore
locations. Positioning accuracy of the tows in relation to planned station
positions proved to be relatively good except in the northwest portion
of the survey area where land masses were quite distant for radar fixes
and only limited Loran fixes could be obtained.
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Figure VIII-3. --Diagram and description of the demersal trawl used

Netting:  Dacron polyester body
and wings, nylon intermediate
and codend.

Headrope: 83 ft., l/2-in. 6x19
galv. wire rope wrapped with
5/16-in. polypropylene rope.

Footrope: 112 ft., 5/8 in. diaa
6x19 galv. wire rope wrapped
with 5/16-in. polypropylene
rope.

Breastlines: l/2-in. dia. braided
nylon, 18 ft. long.

~blines:  l/2-in. dia. braided
nylon, extending length of
first intermediate (webbing
hung-in).

Flotation: 31-8 in. and 3-10 in.
aluminum floats.

Dandylines: Single - 11 fath.,
3/4-in. dia., double - 25 fath.,
one 3/4-in., one 5/9-in0

Otterboards: 7-10ft. Vee.

during the 1976 BLM/OCS survey.
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The direction of the trawl tows varied depending on prevailing wind
and sea conditions. Tows generally were made into the wind. For demersal
trawl hauls, the trawl was set prior to reaching the station so that
the actual station position was reached about midway through the trawl
tow. Towing speed for the Miller Freeman averaged about 6,5 km/hr (3.5
n mi/hr).

Demersal tow duration was 30 minutes. Timing of the tow was started
after the vessel was slowed to allow the trawl to settle to the bottom
and as the trawl winch brake was set. The average bottom distance trawled
was 1.65 km (range: 0.7-3.2 km).

Pelagic tow duration also was 30 minutes. Timing for the mid-water sets
was started when the proper amount of trawl warp had been payed out,
the winch brake was set, and the proper trawl towing depth was a~tained.
Proper trawling depth varied, depending on where fish targets occurred
in the water column. The desired fishing depth was attained by adjusting
towing speed and was monitored by means of a transducer attached to
the trawl headrope. Because a variety of off-bottom depths were fished
and since maintenance of trawl position in the water column required
changing trawling speed in relation to currents, distance towed varied
among the pelagic trawl tows . Average pelagic trawling speed for the
Miller Freeman was about 8.3 km/hr (4.5 nmi/hr)..—

Gillnets were fished for 8-10 hours and starting time for the set occurred
when the first end of the gillnet  shackles was released down the stern
ramp. The gillnets usually were allowed to drift during the set with
the arrangement of the various mesh sizes such that a minimum of looping
or drifting together of the corklines occurred. When the gillnets were
set in shallow or nearshore locations, the ends were anchored to prevent
the set from drifting into shallow unnavigable waters.

The gillnets were retrieved by having the vessel back down to the gear
with the bow thruster. The net was then brought up the stern ramp and
wrapped onto one of the trawl net reels. After the entire gillnet was
aboard, it was removed from the reel and placed in a bin for storage
until the next set.

Expendable bathythermograph (XBT) casts were made at the completion
of each gillnet set , and pelagic and demersal trawl hauls.

Catch and Biological Sampling

Initial Handling of Trawl Catches

The method of processing trawl catches depended on catch size. If the
catch did not exceed the 1,150 kg capacity of the sorting table, it
was dumped directly onto the table and completely processed. For larger
catches, only a subsample of the catch was processed. The subsampling
method used was based OR a system developed by Hughes (1976) and followed
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procedures established for earlier BLM surveys aboard the Miller Freeman
(Katier et Q., 1976). AS with earlier surveys, prior to disposing
of the u=sed portion of the catch overboard, all crabs were removed for
separate counting and processing.

The size of catches in the survey area rarely exceeded 1000 kg. Of the
192 standard demersal tows completed, only three needed to be split
before processing. All pelagic trawl catches were completely processed.

Initial Handling of Gillnet  Catches

Catches from each mesh size were kept separate. As the gillnet sets
were retrieved, catches from each shackle were removed and placed in
tubs or baskets labeled for each mesh size as the net was wound on to
the net reel.

Sorting and Weighing the Trawl Catch

After the catch was on the sorting table, it was sorted by species into
wire bushel baskets and smaller plastic containers. For catches having
a single dominant species, two to three baskets were filled simultaneously
with that species and the baskets removed from the table in a set,
weighed, and placed on deck as a group. While the dominant species was
being sorted, other species were sorted into single baskets or other
containers. The procedure of filling single or sets of baskets was
repeated until the entire catch or subsample of the catch was sorted and
weighed. Baskets were placed on deck in processing sequence in order to
identify baskets of fish that came from the top, middle, and bottom of the
trawl sample.

Baskets of fish were weighed to the nearest 0.5 kg on a 141 kg capacity
platform scale or to the nearest 0.1 kg on a hand held spring scale
when small catches occurred. Numbers of individuals by taxonomic group
were determined by direct count or from subsample counts which were
expanded to the total catch. Specimens that could not be identified
to species were photographed, preserved, and labeled by genus or broader
taxonomic group. Following the survey, unknown specimens were identified
by taxonomic experts and the proper nomenclature transcribed onto the
Trawl Catch Forms.

Sorting and Weighing the Gillnet Catch

After the entire gillnet catch was removed from the various shackles
and placed in containers, each shackle catch was sorted by species into
smaller containers. Weights and numbers caught were determined in a
manner similar to that used in processing trawl catches.
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Subsampling  Demersal Catches for Biological Data on Fish

For the dominant species of fish encountered in demersal trawl hauls,
catches were further processed for length composition, length-weight
relationships, and samples of age structures (otoliths and scales).
The species from which these data were collected and their order of
priority for biological data were as follows:

1. Pacific herring 5. Toothed smelt
2. Saffron cod 6. Alaska plaice
3. Arctic cod 7. Bering flounder
4. Yellowfin sole 8. Starry flounder

9. Arctic flounder

A random sample for length frequency was taken from the catch of each
species. Random samples consisted of from 200-300 saffron cod and 150-200
individuals of othei fish species.

The procedure followed to obtain a random sample was as follows: as
the baskets were taken from the sorting table and weighed, they were
aligned on the deck in the order by which they were filled. When two
or more baskets were filled simultaneously, they were kept together
as parallel rows. To arrive at the desired number of fish for the sample,
one row was picked at random to represent the catch. If there were still
too many fish, the sample was further reduced by picking baskets from
the front, middle, and end of the row. This procedure provided a subsample
that would not be affected by any size stratification that might have
existed on the sorting table. If an entire species catch resulted in
numerous baskets of very small fish (400-1000 individuals/basket), the
sample was obtained by taking random portions of the picked baskets
from the front, middle, and end of the row. When catches of a species
were equal to or less than the desired sample size, all individuals
were measured.

Length-frequencies were recorded on plastic length-frequency strips.
The fish were first sexed, then measured to the nearest centimeter from
the tip of the snout to the middle of the caudal rays, except for Pacific
herring which were measured from the tip of the snout to the posterior
edge of the hypural plate. The sex of small juvenile fish was not always
determined. Between stations or following the last station of the day,
length-frequency data were transcribed from the plastic strips to standard
length-frequency forms.

Samples for obtaining age structures and length-weight information were
selected so as to obtain representative length classes of fish for each
sex. At times, age structures or length-weight information were collected
in conjunction with randomly collected length-frequency samples but
at other times were selected independently. Independent samples for
age and length-weight were obtained from specific geographical areas,
referred to as “otoliph areas” . Two “otolith areas,” north and south,
were identified for the entire region (Figure VIII-2). The boundary
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between these areas, Bering Strait, was thought a possible point of
separation between fish populations in the Norton Sound-northern Bering
Sea region and in the southeastern Chukchi Sea. The otolith areas
coincided with the demersal trawl sampling subdivision of the survey area,
i.e. , the north otolith region corresponded to subareas 1 and 2 combined
and the south otolith region to subareas 3 and 4 combined.

Otoliths were the structures used for determining the age of all fish
except salmon (Oncorhvnchus W.), for which scales were used. For each
species up to 6 otoliths were obtained for each 1 cm size group by sex.
This was done for each otolith area. Since few salmon were antici-

pated in catches, scale samples were obtained from every fish. The
otoliths were stored in alcohol in glass vials. Scales were stored on
gummed cards with acetate covers.

Length-weight data also were taken from 6 individual fish for each
sex-centimeter group per otolith area. Individual fish were weighed to the
nearest gram on a triple-beam balance.

Subsampling Trawl Catches for Biological Data on Crab

All king and Tanner crabs were removed from trawl catches regardless
of catch size. If the number of crabs in the catch was less than
300, biological data were taken from all specimens. If the number exceeded
300 crabs, a subsampling procedure (Figure VIII-5) was used to provide
a sample of about 300 crabs. The crabs were sorted by species and sex
and then weighed and counted.

All crabs in the catch or samples of the catch were measured to the
nearest millimeter using carapace width for Tanner crab and carapace
length for king crab. Shell condition was also recorded for each
individual.

Subsampling  Trawl Catches for Biologica~ Data on Snails

Many snail species are extremely difficult to identify in the field.
For this reason, the operational plans called for the collection of
random subsamples  of snails at each station. No sorting or identification
was to be done on the vessel. After all snails were removed from the
catch, one to three cloth bags, depending on the size of the snail catch,
were filled with a random assortment of snails and placed in a 55 gallon
drum containing a 10% solution of formaldehyde. The maximum weight of
a subsample collected at a station ranged up to about 7 kg. In addition
to the collection of the random subsample, an actual count or estimate
was made of total snail numbers in the entire catch and recorded on
the Trawl Catch Form,
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3. ESTIMATE TOT.4L IUVJBER OF CRABS I

m
“ m

IF:

IF:

lF:

4. DETERMINE TIIE DENOMINATOR (“N”) OF
SAMPLING FRACTION

TotaI crab estimate is <300 N = 1 for all species.
Total crab estimate is >300, estimate  number of king
and Tanner crabs.

Both king and Tanner crab es!imate  is 150 or >, N =
estimatejl ~or both king and Tonner crabs.
King crab estimate is 150 or >, and Tanner crab estimate

is< 150, N (for king crabs) = h~crab estimnte/  (300-
number of Tnnner crabs and N (for Tanner crabs) = 1.
Tanner crab estimate is 150 or > and king crab estimate
is <150, N (for Tanner crabs) = ~ner crab estimatel
(300-number of king crabs) nnd N (for king crnbs) = 1.

Note: Round above “X” value to nearest whole number.

I 5. IfN=l
I

I PROCESS EVERY I
I CRAB . J

1

I 6. SORT BY SEX AND SPECIES.]

J

1 ?. WEIGH BY SPECIES. J
&

I 8. MEASURE EVERY CRAB. I

1
5.1f N>l

SORT OUT EVERY NTH CR4B .
(E.G., N = ‘2, keep every 2nd
crab, i.e. , keep one, throw one.
I’?= 3, keep every 3rd crab, i.e.,
keep one and throw 2).

RECORD DEN0311NATOR N IN COLS .
52-55 OF CRAB DATA FOFNT.
PROCESS ALL SWJSAJIPLED CP4BS .

I 9. OBSERVE RIOLOGICAL DATA ON
Ef?ERy CRAB. ]

Figure VIII-5 .--Sub-  sam~ling procedure followed for processing species of
crab during the 1976 Baseline Survey of Norton Sound and che south-
eastern Chukchi Sea.
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The drums of snails were returned to the NWAFCrs Kodiak facility where
the snails were identified, sexed, and measured. Total shell length
was measured from the apex of the spire to the anterior end of the
anterior canal.

Sampling Trawl Catches for Biological Data on Other Invertebrates

All other invertebrates encountered in the survey trawl catches were
examined by personnel from a separate research unit from the University
of Alaska, Institute of Marine Science (IMS). Information in this report
which pertains to catch rates and biomass estimates for invertebrates
other than king crab, Tanner crab, and snails were developed through
data provided from IMS.

Age Determination of Fish

Annual marks on scales and otoliths were the basis f~r age determination.
Otoliths were read by trained readers at NWAFC in Seattle. Techniques and
accuracy of age determination by otoliths were similar to those described
in the 1975 baseline study report for the eastern Bering Sea (NWAFC,
1976). Scales were examined by trained personnel of the State of Alaska
Department of Fish and Game in Anchorage, Alaska, using established
techniques for age identification.

Shell Age Determination of Crabs

The status of individual crabs with respect to molting was determined
primarily from the appearance of the carapace and ventral surface of
the crab. The following criteria were utilized in determining this status:
(1) the size and density of attached marine organisms, (2) the color
of the carapace and sternum, (3) the sharpness of spines, and (4) the
presence of scratches on the sternw. Crabs were assigned to shell age
categories as follows:

Shell age
category Designation Description

o molting

1 soft Molted within the past two weeks,
shell free of encrustation, no
scratches on carapace, and spines
sharp.

2 new Molted within the past twelve
months but not within the past
two weeks, little encrustation,
minor scratching, and blunting
of spines.

3 old Skipped one annual molting.
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Data Management

A standard data management procedure was followed from data collection
through analysis at NWAFC. Aboard ship, station information for fish was
coded on three standard forms (Trawl Catch Form, Length-Frequency Form,
and Specimen Data Form) for later keypunching on 80-column ADP cards (see
Appendix B for examples of standard forms). The information recorded on
the Trawl Catch Form included basic station data such 2s station number
and position, date, depths of trawling, and catch by species. Catch data
were initially recorded on an on-deck sampling form during the processing
of the catch and later transcribed to the Trawl Catch Form. A similar
sequence was followed for handling length data. This information was first
recorded on a reuseable plastic strip and transferred later to the
Length-Frequency Form. The Specimen Data Form was used for recording
information on the weight of individual specimens and lengths of fish from
which age structures (otoliths, scales) were removed and stored. Station
information for crabs was coded on two standard forms (Crab Summary Form
and Crab Data Form). Information coded on the Crab Sununary Form was
similar to station data recorded on the Trawl Catch Form. In addition, the
numbers of crabs measured and caught were recorded by tow, species, and
sex. The Crab Data Form was used to record carapace size, sex, shell
condition, egg clutch, and sampling fraction, as well as station identifi-
cation for each crab measured.

The information on - the standard forms was checked for accuracy and
completeness and submitted for keypunching. The ADP cards were then edited
by computer programs to detect obvious discrepancies (detailed quality
control procedures are given in Appendix A). Computer listings of the
data in easily readable formats were made for visual checking against
the data on the original standard forms. After verification and correction
were completed, the data on the ADP cards were transferred to disk files.
Numerous edit ing programs were then used for additional screening. All
survey data were eventually placed on magnetic tape for transfer to
Environmental Data Services through the OCSEAP office in Juneau, Alaska.

Analytical Procedures

Standardization of Catches

Catches were standardized to a trawling distance of 1 km. These standard-
ized catches were calculated as follows:

c
CPUE

ijk = ijk
D
ij.Ftk
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‘ere CPUE” “lC
refers to the catch per unit of effort (kg/b) for species

~ at the ‘~th station in the~th subarea. ~i.k equals the catch (kg),
D . . equals the distance trawled (km) computed i?rom beginning and ending
~o~an C readings at each station, and 1$~ is the relative fishing power
correction factor time of sampling (day or night) t in respect to species
k-“

The relative fishing power correction factor was obtained through an
analysis of results of comparative day-night fishing trials at several
locations, The correction factors for nighttime catches were related
to catches made during the day. These are given in Table VIII-1 for
the principal species encountered in the survey area for which significant
day-night catch differences were statistically established. Details of the
methodology and analysis for estimating these correction factors are given
in Appendix D.

Table VIII-1 .--Fishing power coefficients calculated for principal fish
species encountered during day-night trawling comparisons in Norton
Sound and the southeastern Chukchi Sea during the 1976 baseline study.

Species ~/

Starry Saffron cod Saffron cod Toothed Pacific
Time flounder

< 15 cm 215 ~ sme 1 t herring

Day 1.00 1.00 1.00 1.00 1.00
Night 1.69 1.52 1.50 2.08 1.45

&/ For other principal species, no differences in fishing power were
established. For all other species, the fishing power correction
factor was assumed equal to 1 for both day and night.

Catch Per Unit of Effort by Stratum and Total Survey

The mean CPUE by species and stratum was computed as

n,

Area

.foliows:

=2’ cPuEijk

tiik
1=1

n
i

where n. equals the number of successfully trawled stations in the ~th
stratum.lThe  variance of this estimate was:

~ (W-JEijk)2 - n i (~ik)2
vAR (~ik) = j

n. (ni - 1)1
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r
V.

5

The overall
as a weighted

mean CPUE for the entire survey area (~~) was determined
sum of the mean CPUE values by stratum:

~ (=ik . Ai )

‘puTk =  i

At

where ~. equals the area of the ~th stratum and At equals the area of
all stra~um combined.

The variance of this estimate was determined as a weighted sum of the
individual variances by strata:

‘[:&-J
v~ (mtk) ‘1 ~

Standing Stock Estimates

Population weight—Biomass estimates by subarea followed the methods
described by Alverson and Pereyra (1969):

;ik =
CPUEik/qk

where ~. equals the estimated standing stock by weight of the ~th speciesin ~he-llsth  Stratm
and ~k is a coefficient of matchability , ~ is the

average e~fective tra;l width:

qk = Ck (~/Ai)

and ~ is the coefficient of vulnerability of species ~ for those indivi-
duals of sufficient size to be retained by the trawl which are within
the area Irswept?l dur-ng ~ standard tow. The coefficient Of vulnerability

consists of two components: (1) C_h, the vulnerability of those individuals
that actually come within the influence of the trawl, and (2) ~u, the
proportion of the total individuals in the volume of water above the
seabed area swept by the trawl which would come within the trawlis
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T=r(($) Av cbnEnIc)

influence. Species-specific coefficients of vulnerability are not known
for the survey area, but have been assumed to be constant and equ~l to
1.0. The estimate~ a~~a covered by the trawl when towed 1 kilometer (a) is
equal to 0.017 km . - Therefore, the biomass of species ~ within stratum ~
can be estimated:

iik = (Ai/V) ~ik

having a variance of:
2

()a i

W.Riik= — “ (vAR?Fi7ii )
x

where & is the mean bottom area sampled

Ninty-five percent confidence intervals
then computed:

ik

in 1 km trawl distance (km*)*

of the estimated biomass are

,) d VAR iik

The biomass estimate for a given species or taxonomic  group and its
variance for the total survey area were obtained by sunnning the sub-
area biomasses and variances, respectively.:0.

‘TIC= i~l ‘ik
A A

VARB*= ~ VAR (Bik)
i=l

Effective degrees of freedom (ne) for the calculation of confidence
limits for biomass estimates for the total survey area were determined
according to Cochran (1962):

( ~ fi. VAR cPuEijk)2

n = i=le
z fi2”(VAR CPlJEijk)2
i=l

where

‘i-l

N i (N i - n i)
‘i =

n.1

&/ Based on an estimated 17-meter horizontal opening of the R/V Miller
Freeman trawl while fishing.

327



l=r ic=r r=r
2

LIC=
irrircrw

and N. equals equals the total number of sampling units in the ~th stratum
(Ai/~ and% equals the number of stations in stratm~.

Population numbers--Estimates of population numbers within strata and
for the total survey area were determined in the same manner as population
weight, simply substituting numbers for weight in all the calculations.
Fishing power- coefficients- used to standardize catch
between day and nighttime trawling were identical to
catch rate by weight.

Size Composition

rate by number
those used for

Size composition by numbers in the population was estimated for those
strata where sufficient length-frequency data were collected. Length-
frequency data for individual stations were expanded by a weighting
factor to give an estimate of the total standard catch in numbers by
size and sex for a given species:

i .;ijklm= ‘ijklm ijk’ ; : ‘ijklm
m=l 1=1

*
where ~i.klm equals the estimated number of individuals of size category
1 sex ~, and species-9 & at the jth station of stratum~ where length
information was collected, and & is the total number of size categories.
The independent variable ~i.klmis the number of fish} crab or snails
in this category actually ~easured, and the weighting factor is the
r~tio of total number of individuals of speciss & per standard tow
(~.k) to the number of individuals of species ~measured in the length
fre&ency sample. The num~er of fish$ crab$or  snails by size-sex category
for individual strata (P~ikln) was obtained by summing the size-sex
categories for those statlo,~s where this was available and expanding this
sum to the total standing stock of fish, crab~or snails in each subarea:

When size composition estimates were available for all strata, overall
estimates of the standing stock size composition of a species for the
total survey area were obtained by summing the population numbers by
size-sex category @ik

i
) for all strata. If size composition estimates

were not available for a T strata in which the species occurred, estimates
of overall size composition for the total survey area were obtained
by expanding the summed size composition data by a ratio of overall
population estimate for the species (~) to the summed population
estimates of the strata for which size composition information was
available.
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Length and Weight

For most species of fish$ the relationship between length and weight
takes the form:

weight = a ● (length) b

A least-squares linear regression procedure was used to fit length-weight
observations grouped by sex and otolith area to the logarithmic trans-
formation of this equation:

log(weight) = log a+ b”log(length)

Estimates of the coefficients ~
~ were determined. The correlation

n

and ~, and a coefficient of correlation
coefficient r was, computed:

where ~ and y are the deviations of observed length and weight values
from their respective means and ~ equals the number of observations.
An analysis of covariance @NCOVA) was used to evaluate the statistical
basis for pooling data sets, the regression coefficients determined
for each treatment (data grouped by sex or otolith area) being tested
for significant differences. This sequence of analyses was performed
on all possible groupings of the data by species, resulting in comparisons
of differences between area by sex, between sexes by area, and between
areas by combined sexes.

Age Composition and Growth

Age-length tables were constructed by species and sex for each otolith
area having sufficient data. These tables show the number of actual
observations in each size-age class and estimates of mean length-at-age.
Comparisons of plots of mean lengths-at-age were used to combine age-
length data from otolith areas for which the approximated growth curves
were not markedly dissimilar. The rationale for combining age data was:
(1) to increase the ‘number of observations of length-at-age within age
classes to give more precise estimates of mean length-at-age; and, (2) to
reduce the total number of data sets for further analyses.
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Age-length tables were constructed from the otolith area groupings and
used as keys to represent the age-length relationships of the respective
species in the grouped strata.

Age composition--From the above keys, expanded age-length tables were
constructed for each species by sex and strata using the method of K. R.
Allen (1966). This method applies the age-length relationship for a
region to population estimates in numbers at length, resulting in tables
of numbers at-age-and-length by stratum. To make this conversion, the
proportion of ages within any length interval were calculated from the
keys and then applied to the corresponding numbers in the length-frequency
distribution for a stratum. The result is an age-length table in which
actual observations have been expanded to estimates of total numbers
of individuals in the population at age and length. Estimates of the
age composition (numbers of fish in each age class) for the population
were obtained by summing the values in the expanded age-length table
over all lengths by age. (In applying size composition data to the
age-length key, lengths outside the length range of the key were not
assigned ages. This, along with the truncation of size composition data,
resulted in minor discrepancies between population estimates (numbers) for
some strata and the sum total of numbers of individuals-at-age in those
strata.)

Growth--Mean lengths-at-age for the grouped otolith areas from expanded
age-length tables were used to fit growth curves in the form:

lt =

where ~ equals length in
asymptotic length (cm), ~

Lm (l-ek(t-to))

centim ters atf
(year - ) is a

time q (years), Jwis an
growth completion rate. and

~m (years) is the intercept of the curve with the x-axis. Three methods
-v
were used, differing only in the data used for fitting the curve. First,
curves were fit to all mean lengths-at-age as calculated from the expanded
age-length table by otolith area or combinations at otolith areas. In
the second fit, mean lengths which might have been biased because the
complete size range for an age was not fully recruited to the fishing
nets were deleted as were mean lengths derived from a relatively small
number of observations at-age in the age-length key. Age of “complete”
recruitment was estimated using logarithmic catch curve analysis (Ricker,
1975, p. 34). The third fit was created by adding the origin (0,0) as
a data point to the above selected data” set. This was done in order
to compensate for missing data points for young ages which were not
fully recruited by the gear.

The parameters & &m and & were estimated by the iterative method
of Fabens (1965).

330



ASSLMTIONS  AND DATA LIMITATIONS

We have provided for the various fish and shellfish population estimates
of stock abundance, composition, and distribution based on an extensive
trawl survey conducted over a period of six weeks. In providing these
estimates, we have made certain assumptions regarding the adequacy of
bottom trawls for sampling demersal populations and the time-space distri-
bution of populations. We have assumed that the trawl obtained samples
that were representative of the density and composition of the animals
in the sampled area, and that the trawl’s performance (vertical and
horizontal width of the mouth opening and the bottom-tending character-
istics) remained constant from station to station. A corollary to these
assumptions is that changes in the catch of a species for a given unit of
effort (distance fished) is directly proportional to changes in density.
The other assumptions regarding the time-space distribution of populations
is that, during the period of the survey, populations were static, i.e.,
there were no shifts in abundance within the survey area as well as no
movements of animals in and out of the survey area.

These assumptions need to be qualified. Although the trawl continues
to be the most effective gear for sampling bottomfish and large epi-
benthic invertebrates, it has certain limitations. Trawls are selective.
Sizesv and even species, of animals captured are influenced by the mesh
size ~ particularly in the bag or codend. Even species within the size
range, which theoretically should be captured, may differ in their ability
to escape the influence of the trawl. Because trawling is necessarily
restricted to relatively smooth bottom to avoid hanging up and damage
to the net, animals over uneven and rocky bottoms are not adequately
sampled. The selective features of trawls thus alter the composition,
sizes, and quantities of species captured from that which occur in its
path. The degree to which the “apparent” distribution and relative
abundance differs from the actual is unknown. Thus, estimates of standing
stock are representative only for those species which are vulnerable
as well as accessible to the trawl. However, our estimates assume that
for a given species and size,
(~ = 1.0), since

all animals are vulnerable and accessible
we do not know what the actual value of ~ is for any

of the species. For crabs the coefficient s may be close to 1.0, but
for semi-demersal fish like Arctic cod and herring or for burrowing
animals like snails, ~ may be much less than 1.0.

We have no way to account for the space-time distribution of populations
during the survey period (September-October”) and have assumed a static
situation. The survey period was selected because it was assumed that
movements of fish and shellfish populations were relatively limited
at that time and weather conditions for the survey area were optimal.
It is conceivable, however, that moving aggregations of animals may
have been sampled more than once during the survey and that, for several
populations like Arctic cod and herring, there may have been movements
in and out of the survey area. To significantly reduce the duration
of the survey while maintaining the demersal sampling coverage would
have required extensive increases in the number of vessels and personnel.

In considering these limitations to our survey approach we hope that
our findings provide some average conditions of demersal resource abun-
dance, distribution, and composition, and a very general view of the
types of pelagic species which occur in this northern region of the
Alaska continental shelf.
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RESULTS OF THE DEMERSAL SURVEY

A total of 242 demersal stations was planned for the survey. Of> these,
192 were successfully trawled (Figure VIII-6) and were used in estimating
biomass (Table VIII-2). The remaining planned stations either had rough
or muddy bottoms preventing successful station completions (23 stations)
(Figure VIII-7); were identified as untrawlable from echosounding tran-
sects (19 stations);  or, though within the survey boundaries, were not
fished becaus~, they were west of the continental shelf median line
(8 stations).

Table VIII-2---Number of stations successfully trawled and sampling density
by total survey area and stratum, BLM/OCS survey, September-October, 1976.

Subarea 1 2 3
Southee.etern Chukchi Sea Kotzebue  Sound Northern Ear@ Sea

stratum I.ti la 2$ 21 3%

stations planned
for sampling 36 19 20 1.3 M 16

Stations succeasfWly
trald.ed ’29 15 19 8 32 14

Area in lzu2 28,321 12,6& 7,193 5,076 36,458 10,249

Samp Ing dene~ty
(d/station) 976.6 84’4.5 378.6 63k.5 1x39.3 73’2.1

4
Norton Sound

kg 41

64 26

58 17

22,300 8,895

3&+.5 523.2

Total

2k2

lga

131,159

683.1

Fish and invertebrate taxa collected during the survey are listed in
Tables VIII-3 and VIII-4, respectively.

Along with station and catch information for all of the trawling stations,
specimen data included: 31,609 length measurements, 2,105 readable age
structures, and 2,020 length-weight measurements for fish; 10,445 carapace
measurements for crabs; and 4,147 measurements of shell size for snails
(Tables VIII-5 to 9).

Bottom temperature isotherms as determined during the survey are shown
in Figure VIII-8.

I_/ A boundary established by the 1958 International Convention of
the Continental Shelf for dividing shelf areas adjacent to two terri-
tories, in this instance, between the U.S. and U.S.S.R. The boundary
limits the area for harvest or collection of creatures of the
continental shelf such as crabs and other bottom-dwelling organisms.
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Figure VIII-6 .--Demersal* stations successfully sampled during the 1976
survey.
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Table VIII-3---List of fish species collected in Norton Sound, the
southea tern Chukchi Sea and adjacent waters (BLM/OCS  survey,

71976) .1

E!Es@ Common Name

CLUPEIDAE

C’lupea h.arengus pallasi

Oncorh.~nchus  keta
Gneorh.ynchus gorbuscha
Oncorhgnehus  tshalytscha
Coregonus laurettae
Salvelinus  alpinus

Mallotus  villosus
Osmerus mordux dentex
Hypomesus  olidus

Boreogadus  saida——
Eleginus gracilis
!N2eragra  chalcogranuna
Gadus macrocephulus

Lycodes turneri
Lycodes palearis
Gymnelis viridus

Hexagranmzos stelleri

SALMONIDAE

OSMERIDAE

GADIDAE

ZOARCIDAE

HEXAGRAMMIDAE

COTTIDAE

Artediellus uncinatus
E%ophrys diceras
Gymnocanthus p

istizli e&

Gymnocanthus  tricuspis
Hemilepidotus  ~ordani
MegaZocottus platycephalus
Myoxocephalus ~aok 3/
@oxocephalus scorpius qrognbndias–
Myoxocepha2us quadricomis
Nautichthys  pribilovius
Psychrolutes  paradoxus
llriglops  pingeli

Pacific herring

Chum salmon
Pink salmon
King salmon
Bering Ci5C0
Arctic char

Capelin
Toothed or rainbow smelt
Pond smelt

Arctic cod
Saffron cod
Pollock
pacific cod

Polar eelpout
Wattled eelpout
Fish doctor

Whitespotted greenling

Arctic hookear sculpin
Antlered sculpin
Threaded sculpin
Arctic staghorn sculpin
Yellow Irish Lord
Belligerent sculpin
Plain sculpin
Shorthorn sculpin
Fourhorn sculpin
Eyeshade sculpin
Tadpole sculpin
Ribbed sculpin
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Table VIII-3 (Cent’d)

AGONIDAE

Aspidophoroides olriki
OcceZla dodecaedron
PaZlasina barbata
-ac~pensep~nus

C“yc20pteridae  ~.
Eunrhrotremus orbis

Anurhichas  orientalism

CAiPoZophus  poZ%aetoeephuZus
Lump
4

enus abz=ieii
Lumpenus maekayz–/
Stiehaeus punetatus
Eumesaqrammus praeeisu~

Amrriodytes  hexapterus

CYCLOPTERIDAE

ANARHICHADIDAE

STICHAEIDAE

AMMODYTIDAE

Arctic alligatorfish
Bering poacher
Tubenose poacher
Sturgeon poacher

Snailfish sp.
Pacific spiny lumpsucker

Bering wolffish

Decorated warbonnet
Slender eelblenny

Arctic shanny
Fourline snakeblenny

Pacific sand lance

GASTEROSTEIDAE

Pungitiius pungitius Ninespine sticklebacks

pLEURONECTIDAE

HippogZossoides Pobustus Bering flounder
HippogZossus stenolepis Pacific halibut
Limanda  aspera Yellowfin sole
Limandu  proboseidea Longhead dab
Liopsetta  glacialis Arctic flounder
Platiehthys  stellatus Starry flounder
Pleuroneetes  quadritubezwulatus Alaska plaice
Rein.hzrdtius  hippoqlossoides Greenland halibut

Nomenclature from

Nomenclature from

American Fisheries Society 1970, unless otherwise noted.

Wilimovsky (1958). “’”

Persoml communication from N. J. Wilimovsky.
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Table VIII-4 .--List of invertebrates collected in Norton Sound, the s utheastern
1 7

Chukchi  Sea and adjacent waters during the 1.976 BLM/OCS survey.-

Phylum PORIFERA SPONGES
Class Incalcarea

Family Mycalidae
J&xilZaincrus  s

TSteloclmyx  spo~
Family Microcionidae

Microciona Zambei

Phylum CNIDARIA (COELENTERAW)
Class Anthozoa

Family Actinstolidae
Stonphia  coceinea

Family Actiniidae
Tealia crassicornis

Family Alcyonacea  Nephtheidae
Eunephthga  zw.bermis

PhyI~ mmcmTA (ECmpROCW
Class Bryozoa

Family Heteroporidae
Heteropo~a pelliculata

Family Diastoporidae
Mesenteripora  meandrina
Unidentified Bryozoan~/

Phylum SIPUNCULIDA
Phascolosoma  maritaceum
Phascozosoma

PhylumPRIAPULIDA
Priapuhis  caudatus

Phylum ECHIUROIDEA (ECHIURA)
Class Echiurida

Family Echiuridae
E@&mus echiurus

Phylum MOLLUSCA
Class Gastropoda

Family Trochidae
Margaritas gigante ~i

YSoZariella  obscura-

2;2:;;: ;riY;P’
Family Turritellidae

Tachyrhynchus  ervsus  W-oYTachyrhynchus  reticulatus~
Family Calyptraeidae

CPepiduZa  grandis~i
Family Trichotropidae

!llrichotropis  bicczrina 3/
?Trichotropis  insigni&

!kk+hotropis  kxoyeti~~
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COELENTERATES

MOSS ANIMALS

COELOMATE WORMS

COELOMATE WORMS

COELOMATE WORMS

SNAILS, CLAMS, OCTOPUSES AND
OTHERS

Large margarite snail
Obscure solarelle
Varicose solarelle
Unidentified solarelle snail

Eroded turret-shelJ-
Reticulate turret-shell

Grand slipper-shell

Two-keeled hairy-shell
Grsy hairy-shell
Kroyer~s hairy-shell



‘J!able VIII-b. --corlt.

Family Naticidae
i’iatica eZausa2~
Yatica russa~l
Zb’at{ca Spo 2/ 3/
PoZinices  p~ll%us~~

Family Lanellariidae
VeZut<na pZicati2is3/
Ve’k%a  undati~
Ve2ut7ka veluti J

YVelutinu  sp.Z/ 2
Family Muricidae

Bo~eotropkon  clathratus~~
Family Buccinidae

Buceinm anguloss  31
TBuccinum glaetild

BucchwmfringiZ  w&i
?Buccinumpokre3

Buccinwn  scalarifomndi
Bucch,im solenzmd
Bwcinum teneZhir&~

Family Neptuneidae
3/CZinopegma  sp.– ~,

CZinopegnrzmagna–
Beringius beringi& Beringrs buccinum
Berh@us fragili  .,

Arctic natica

Unidentified natica snail
Moon-shell snail

Oblique vetulina
Undate vetulina
Smooth vetulina
Unidentified vetul.ina snail

Clathrate trophon

Glacial buccinum

Polar buccinum
Silky buccinum

Berin@us  sti~so ~i
7

Stimpsonts  buccinum
Cozus hypozispusl
CoZus omb~onius~~
C o b s  spitzber ensis&~
CO;05ZO::%G’J

Spitzbergen COIUS
Unidentified COIUS

~;~ea bo;ea@~

Neptunea h.eros~~
@eptunea  lyrad~ /Common northwest neptune

“~ Fat neptuneNep~unea ventticosa om bepingz
7Pl<ctfwus  brunneus~
/PZicifusus  kroeyer@

PZicifus~  verkruzen~~
F@uzofusus  deformisl~
VOWOpsius castane

7Volutopsius  fizosus~
VoZutopsius fPag<ZisY
VoZutopsius stefznssonii

Family Csmcellaridae
Adk’ete eoutho@~~

Family Turridae
Oenopotu  ?uzrpa~’

%%% g&&/
Obesotonu s%pled~

Family Pyramidellidae
Gklostomia arctica~’

Family Scaphandi
@31CyZichna  Spo- -

Family Dendronotidae
Dend.ronotus arborescens

Family Mopallida
27ArnicuZa  sp.-

Fragile buccinum
Stefanssonts  buccinum

Common northern admete

Unidentified lora

Arctic odostome

Ihidentified  barrel bubble

Free frond colis
~c~a chiton
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Table VIII-4.--cent.

Class Polyplacophora
Family Acanthochitonidae

Cxyptochiton  stelleri
Class Pelecypoda

Family Nuculidae
NucuZa tenvis

Family Glycymeridae
GZycymeris  subobsokti

2/G2ycymeris  sp.—
Family l@tilidae

lfytilus edulus
flodiohs modiolus
)h4SCUh4S d{scors
Muscuh.s  nigra

Family Astartidae
Asturte borealis

Fsarlly Pectinida
G’kZqs spoz~
c7zZamys iskndica

Family Cardiidae
CZirwcardium  ciliatum
CZinocardium nuttalli
Clirwca.rdium californiensis
Serripes groenkndicus

Family Carditidae
@c Zocardia  crebricostata

~;~:~pa ;:z?bns
Family Myidae

ma a.renatia
ma iaponica

Family Veneridae
Liocyma fluctuosa

Family Mactridae
S’@sula polynyma

Family Tellinidae

pc:: ;:&pea

kkZCOtXZ  brota
Family Hiatellidae

HieteZZa  arctica
EiateZla Spo
Panomya arctica

Family Nuculanida
7Nucukna  sPO~

:~d:~p{$sa
Yoldia  amygdqlea

Class Cephalopoda

F-:t:;;p;:&e

Phylum ANNELIDA
Class Polychaeta

F-gc~~::~/

Giant Pacific chiton

Smooth nut clam

West coast bittersweet
Unidentified bittersweet

Blue mussel
Northern horse mussel
Discord musculus
Black musculus

Boreal astarte

Unidentified chlamys  scallop
Iceland scallop

Iceland cockle
Nuttall*s cockle
California cockle
Greenland cockle

Unidentified cardita cockle

Softshell  clam
Japanese softshell  clam

l!luctuating  liocyma

Stimpson 1s surf clam

chsL@ macoma
Unidentified macoma clam
Brota macoma

Arctic saxicave
Unidentified saxicave
Arctic rough mya

Unidentified nut clam
Fossa nut clam
Unidentified yoldia clam
Almond yoldia

Unidentified octopus

SEGMENTED WORMS
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Table VIII-h.-cont.
.

‘-geg~Q;:&/
Family Nereida

iver%is SP2
Family Sabellidae

Bispira polgmozpkc
Family Flabelligeridae

Brada sac Z-ins
9BPada spe~

Phylum ARTHROPODA
Class Crustacea (Decapoda)

Family Pandalidae
PadaZis  gonizirus
Pandalis  h.ypsinotus

Family Hippolytidae
@irontoe&s murdcchi

~~::;qs “-b
. g/

g;::yp:~ls~ “

Family Crangoni dae
&angOn da2Z<
APgLs km
ScZearograngon  boreas

Family Lithodidae
Hapalogaster grebnitzbi$
PmaZithodes eamtschaticc
pGPG~ithO&S pZa@pus

Fsmily Ma j idae
C?rion.oecetes  opil<o
H~as comwtatus  ahtaceus
Hyas Zyratus

Fsmily Paguridae
Lab&iochitis  splendescens
Pagurus  arcuatus
Pagurus  ttigozochierus
Pagwws Pathbun$
Pagurus ochotensis
Pagurus capiZZatuS

Family Atelecyclidae
Telemessus cheiragonus

Family Balanida 5/BaZanus sp.-
Baknus  cariosus

Class Isopoda
Family Idoteidae

Synidothea  bicuspids
Synidothea  noduZosa
Sad&a entonzm

Family Sphaeromati dae
!l’ecticeps aZcse~nsis

BARNACLES , SHRIMP, AND CRAB

Humpy shrimp
Coonstripe shrimp

Red king crab
Blue king crab

Tanner crab
@re crab
me crab

Hermit crab
Hermit crab
Hermit crab
Hermit crab
Hermit crab

Telernessus crab

Unidentified barnacle

Class Amphipoda
Family St egocephalidae

StegocephaZopsis  aupuZZa
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Table VIII-4.--cent.

Family Lysi=assidae
Socm.es bidentiwlatis
Arwnyx nyg “

7Anonyx sp.~
Family Podoceridae

Rul!icha spirwsissima
Family Eusiridae

;~cgpo~: :;j?ti

Eusirus  cuspid.atm
Family Hyperiidae

Parathetisti  japonica

F~~l:=:&e

Melita dentata

STARFISH, BASKETST~S, SEA
URCHINS AND OTHERSPhylum ECHINODEMTA

Class Asteroidea
Family Pterasteritie

Pteraster  obscura
Family Solasteritie

Crossastar  papposu
Sohster  endeca

Family Asteridae
EvastQtiW  ~Osche~li
Evastetias  echinuti
g;:gdF~#J

Leptas terias polaris
Lsthas ter<as nunimensis

F~:~c~&Jidae

Class Ophiuroi dea
Family Ophiolepitid 97

Stegoph{wa sp.-
ophiura samsi

Family Gorgonocephalidae
Gorgowcephalu caryi

Family Ophiactidae
Uphiopti2is aculeati

Class Echinoidea
Family Stron~locentrotidae . .

g:g;~n~o:: $&chzens%s Unidentified sea urchin

Family Echinarachni idae
Echinawchnim parma Sand dollar

Class Holothmoidea
Family Cucumarii da

Cucwnaria spo~y
Cucwn&a caleigera

‘d&:h:;h;p::#e
2/

Farastichopw  sp.-
Family Chiridotidae

ChirodOta pe llacida
Family Psolidae

Psoks japonicus

basketstar
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Takle VIII-4.--cent.

Family I&riotrochidae
@tiatrochus tinkii

Phylum CHORDATA (TUNICATA)
Class Ascidiacea Phlebobranchia

Family Pyuridae
Boltenia ovifera
BoZtenia eck%ata
Haloeynthia aurantiwn

Family Stylelidae
Pe’lonaia eorrugata

Family Rhodosomati e
PCkeZysoma spo~

(%elysoma cokmbianwn
S@jela macrenteron

ASCIDIANS

Sea onion

Sea potato

&/ Nomenclature primarily according to Pavlovskii (1!355)  and identification,
unless otherwise noted, by University of Alaska, Institute of Marine Science
staff.

~/ Unknown number of species.

~/ Identification by R. Macintosh, NllFS, NWAFC, Kodiek Facility.
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Table VIII-5. -- Number of length measurements by species, sex,
and subarea in Norton Sound, the southeastern Chukchi Sea and
adjacent waters (BLM/OCS survey, 1976).

Number of
Number of Fish Measured Observation

Species Subarea Nale Femle Unsexed Total Sets

Yellowfin sole IN o 0 0 0
1s 24 44 0 68 7
21 55 79 0 134 6
20 13 35 0 28 4

3N 2 4 0 6 3
69 170 0 239 7

; 1,184 1,275 0 2,459 52
41 231 246 0 477 12— —  ——

TOTAL 1,578 1,833 0 3,411 T

Starry flounder m 2 7 0 9 1
1s 5 19 21 45 6
21 0 2 0 2 1
20 2 0 0 2 2

52 29 0 81 6
: 239 226 0 465 45
41 19 9 0 28 9——

TOTAL -m T 21 632 T.

Pacific herring IN 50 74 0 124 5
IS 95 96 0 191 9
21 3 5 0 8 2
20 337 349 0 686 17

3U 25 20 0 45 4
38 122 109 0 231 9
40 180 131 96 407 26
41 2 0 2 1

TOTAL
— .

T 78! 96 1,694 T

Arctic Wd IN 373 273 590 1,236 25
ls 124 81 0 205 7
21 13 15 0 28 3
29 103 113 30 246 13

x? 135 119 169 403 21
96. 63 66 225 12

$ 665 674 4 1,343 41
41 6 0 0 11858 — 15

TOTAL 1,549 1,396 859 3,084 g

saffron cod 10 8 0 18 5
Adult E u9 38 0 257 n

21 13 20 0 33
28 161 256 0 317 G

3W 9 51 0 60 8
522 548 0 1,070 13

; 5,081 3,621 42 8,744 58
41 564 372 0 936 17—— —

TOTAL m 4,814 42 11*335 m

Pollock u 5 0 14 2
IS : 16 0 51 3

3W 31 18 36 85 7
7 37 21 48 6

z’ 12 8 89 109 u
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3 0 e ISI a 0 33 1
12 0 7 0 7 1

ycqc ;jwwq6z ft 0 7 0 1 1

Table VIII-5. -- (cent’d)

Toothed cmelt m 95 64 0 159
3.s 43 24 13 80 :
21 29 5
20 332 1;: 2: 52 18

3W 30 35 0 65 5
46b 280 177 921 12

$ 837 577 103 1,517 48
41 98 82 0 180 10——

‘lt)TAL mm Xxii 313 3,488 E

Alaaka plaice I.N 1.5 0 18
1s 60 2; o 88 :

31 $9 0 50 5
; 57 28 0 85 10

3W 10 18 0 28 6
68 0 3.56 7

; 3%! 327 0 659 50

Capelin IN o 321 121 3
Is : 46 46 3
20 : 0 47 4? 1

3W 37 55 217 309 10
0 0 98 98 2

: 0 0 1 1
41 i; 25 3

TOTAL 4 7 -+ 647 T

Longhead dab 2s 2 0 1
2d 9 1: 0 2: 3

3s 18 43 0 61 4
4fl 85 178 0 263 14
41 1 0 0 1 1

mmAL -m% -m 7 355 T

Bering flounder 34 68 0 102 19
~ 1 0 5 3
20 16 1: 0 30 6

TOTAL 7 --ix 7 137 7

Ul 2 42 0 44 9
4x o 1 0 1 1

TOTAL 7 7 7 7 T

Saffron cod m o 0 344 6
Juvenile 1s o 0 :$ 424 8

21 0 0 182 182 3
20 Q o 304 304 7

0 85 4
: 9 : 3% 372 10
40 164 0 2.778 2.942 47
4i o 0

-368 -368 12
TOTAL -i-a n mm 5,021 T

TOTAL, ALL SHZCH?.S ;1,609
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Table VIII-6. --Number of readable age structures collected by species, sex,
and otolith  area in Norton Sound, the southeastern Chukchi Sea, and adjacent
waters (BLM/OCS survey, 1976).

CEolith  A~ea
w Sex North “-. . .

— ---. h Areaa
Southeaate~ukchi  Sea Norton~d ad Cd ined

eml Kotzebue Sound Northern Bering  Sea

Arctic cd Nale 66 123
Femle 68 % 141

Alaska plaice Male 145
Fe5ale z l%! 151

Bering flounder Male 2
Female 2 2 ~

Facflic  herring Us.le 85 .% 151
Female 65 58 223

saffron cod Male 130 136 266
Femle 135 160 295

Starry floumder Male . . 61 61
Fetmle .- 2$ 24

Toothed melt ma 76
?;

2.29
Fenmle 74 llg

Yel.lm-fln  sole Male 93 132
% Zlo 188

Table VIII-7 .--Number of weight-at-length observations by species, sex,
and otolith area in Norton Sound, the southeastern Chukchi Sea, and ad-
jacent waters (BLM/OCS survey, 1976).

Otolith  Area Areas
Species Sex North South Combfned—

Southeaatarn  Chukchi Sea Norton= and
and Kotzebua  Sound Northern Bering Sea

Arctic cod

Alaska plaice

&ring flouoder

Pacific herrfn~

Saffron cod

Starry floundar

Toothad ● rmlt

Tellowfin oole

?fde
Femala

70
74

67
70

!!ale
Feude

48
33

141
154

17
38

18
39

Male
Female

1
1

Male
Fauuila

38
38

24
42

62
80

Uale
Female

122
141

128
152

250
293

Male
Female

1
6,

77
31

78
37

Male
Female

49
31

100
89

149
120

Halo
Famala

92
108

130
188
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Table VIII-8 .--Number of carapace measurements by species, sex, and subarea
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

Number of
Number of crab measured observation

Species Subarea Male Female Total sets

Red king crab 2d 7 0 7 3
10 2 12 3

z 1,277 151 1,431 47
41 - 36

Total 1,330
27 63

Xxi 1,513
13
G

Blue king crab 3W
3E

Total

100
2
m

Tanner crab lN
1s
21
20

3W

:
41

Total

1,955
898
103

1,019

1,717
143
123

1
5,959

992
426
103
480

662
39
91

0
2,793

2,947
1,324

206
1,499

2,379
182
214

1
8,752

27
16
6

18

32
8

19
1

l=

TOTAL, ALL SPECIES 10,445
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Table VIII-9---Numbers of shell measurements for snails by species,
sex, and subareas in Norton Sound, the southeastern Chukchi Sea,
and adjacent waters (BLM/OCS survey, 1976).

Wmber of snails ❑ easured observation
Species Subarea Hale Female Total sets

Neptunea borealis lN 16 21 37 13— .
1s 5 10 4
21 2 : 2 2

3V 19 l b 33 11
b 3

z i 2 20 4
41 J 2 5 4

Total 53 n iii G

l?ep t unea heroa M 250 218 &68 22—— 1s 168 117 285 10
95 82 177 7

:; 15 13 28 5

3W 391 327 718 27
3E 161 105 266 11
40 210 230 448 29
41 176 160 336 lb

Total m m m m

l?eptunea ventricosa m 44 80 124 16
18 28 36 64 7
21 7 14 21
20 7 9 16 :

3W 105 234 239 24
64 107 171 11

z 27 44 ?1 24
41 18 23 .41 12

Total = m G m

Beringius berinxii 15 17 32 14
H 9 11 20 7
21 16
20 1: 9 ;: 1:

m 20 30 50 i3
32 17 16 3
46 62 M“ 1: 24

Volutopefus  fragilis IN 13 12 27 9
1s 1 3
21 12 3 ; ;

3U o 3 3 3
5 2 7 2

2 3 5 “ 8 2
Total % E z 2

Pyrulofusos de formis 111 15 2 17 2
21 7 12 4
26 : 2 3 1

3W 21 28 49 11
3t 14 18 2
4e 9 9 :; 10
41 0 2 2 2

Total a z m z

TUML, ALL SPECIES 4,1;7
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Total Biomass

The total apparent biomass of all fish and invertebrates in the survey
area was estimated at about 340 thousand mt (Table VIII-10). Of this,
approximately 38% was located in regions north of Bering Strait (subareas
1 and 2) and 62% to the south (subareas 3 and 4),

In terms of relative abundance, the average catch rate for all taxa com-
bined was highest in Norton Sound (subarea 4, 57.5 kg/km) (Table VIII-11
and Figures VIII-9 and 10). The other three regions, the southeastern
Chukchi Sea (subarea 1), Kotzebue Sound (subarea 2),and northern Bering
Sea (subarea 3), all had similar catch rates (39.3, 42.9, and 37.1 kg/km,
respectively) with the lowest occurring in the latter region. Average
catch rate for the entire survey area was approximately 43.2 kg/km
trawled.

Relative Importance of Major Taxonomic Groups

For the entire survey area, fish fauna were estimated at over 47,000 mt
but accounted for only 14% of the total biomass for the region surveyed.
The proportion of biomass varied greatly by subarea, ranging from 42.67.
. subarea 4 to 8.4% in subarea 2. Most of the fish biomass (over 77%)
~curred south of Bering Strait (Table VIII-10).

By subarea, fish contributed from 7 to 19% of total catch rates. Their
catch rate was highest in subarea 4 (10.9 kg/km), lower in subareas .2
and 3 (5.4 and 6.0 kg/km, respectively), and lowest in subarea 1
(Z.1 kg/km) (Table VIII-11 and Figures VIII-11 and 12). Average total fish
catch rate for the entire survey area was 6.1 kgfkm trawled.

Overall, invertebrates accounted for 86% of the total demersal  biomass;
their biomass was estimated at about 290,000 mt. Nearly 60% of the
invertebrate biomass was located in subareas 3 and 4 (Table VIII-10),
south of Bering Strait; however, this proportion was almost identical to
the proportion of area surveyed south of Bering Strait.

By subarea, invertebrate fauna contributed from 81 to 93% of the total
catch rates. The average catch rate for total invertebrates was highest
in subarea 4 (46.6 kg/km), decreased in subareas 1 and 2 (36.6 and
37.4 kg/km, respectively) and was lowest in subarea 3 (31.1 kg/km)
Table VIII-9 and Figures VIII-13 and 14). Average total invertebrate catch
rate for the entire survey area was 37.1 kg/km trawled.

Fish Groups

Fishes accounted for only a relatively small proportion of the overall
demersal biomass determined for the 1976 survey region. Five fish
families, Gadidae, Ple~ronectidae,  Cottidae, Clupeidae, and Osmerida~
provided over 95% of the estimated total fish biomass. Of these, the most,
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Table VIII-10. -- Apparent biomass by major taxonomic groups by subarea estimated from the BLM/OCS
survey in Norton Sound and the southeastern Chukchi Sea, September-October, 1976.

Biomass fO~~/ Proportion Proportion of taxa biomesa
total survey of total Biomaas  by subarea

Taxa
by subarea

area (ret) biomasa ~} 1 2 3 4 1 2 3 4

Gadidae 22,692 .067 1,447 1,027 7,674 12,544
Pleuronectidae

.063 .045 .33P .553
10,509 .031 2,783 399 1,999 5,328 .264 :038 .507

Cottidae 6,699 .020 695 101 4,547
.190’

Clupeidae
1,356 .104

2,878 .009
.015

637
.679 .202

1,607 h53 181 .221
O$meridae 2,463 .007

.558
320 740

.157 .063
1,035 368 .130 . 3 0 0

Zoarcidae 888 .003
.420

250 65
.149

387 186 .282
Cyclopteridae 574

.073 .436
.002 333

.209
7 224 10

Stichaeidae 222
.580 .012

.001 45 24
● 390 .017

23 130 .203 .108 ● 10/,
AEonidae 248

.580
● 001. 83 6 78

Other fish
.335

271
.032

.001
.319 .315

8 2 2:: 50 .029 .007 .779 .186

Total fish 41,444 ,140 6,601 3,98d 16,632 20,231 ,139 ,084 .351 .426

Gastropod mollwce 19,341 ,057 8,649 1,253 6,368 3,071 ,447 .064 .329 .159
Pelecypod  molluscs 632 ● 002 191 40 99 302 .302 ,063 ● 157 .478

Shrimp 2,904 ● 009 1,171 175 936 622 .403 .060 .322
Chionoecetes ap. 8,741

.214
.026 3,879 3,597 1,210 .444 .412 +138

Paralithodeq ap. 5,192
.006

.015 76 13 1,515 3,5:: .014 .003 .292 ,691
Telenessus sp. 2,769 ,008 1,199 217 330 1,023 .433 .078 .119 .480

Total commercially 39,579 .117 15,165 5,295 10,458 8,661 .398 .134 ,264 ,219
import~nt invertebrates

Starfish
Other echinoderms

Other invertebrate

Total Invertebrates

161,251 .478 38,842 17,252 34,264 70,893 .24 .107 .212 .440
27,010 .080 4,221 42 22,626 121 .156 .002 .838 .006

Al 62i395 .185 31,337 4,804 19,243 7,011 .502 .017 .308 .146

290,235 .859 89,565  27,393 86,591 86,686 .309 .094 .298 .299

TOTAL CATCH if 337,679 96,166 31,373 103,22.3 106,917 .285 .033 .306 .31T

I_l Apparent estimated biomaas susceptible to the trawl.
~f Total biomasa for all fish and invertebrate taxa.
~j Primarily Includes coelenterates,  pagurid  craba and aacidiana.
~1 Total catch of all fish and invertebrate taxa.



Table VIII-11. --Average catch per unit effort of major taxonomic groups by subarea estimated from
the BLM/OCS survey in Norton Sound and the southeastern Chukchi Sea, September-October, 1976.

CPUE for Proportion Proportion of total
total of total CPUE by subarea CPUE  by subarea

Taxa survey area CPUE Al 1 2 3 4 1 2 3 4

Gadidae 2.90 .067 0.59 1.40 2.75 6.74 .015 033 .074 .117
Pleuroncctidae 1.34 .031 1.14 0.55 0.72 2.86
Cottidae

● 029 .013 ● 019 .050
0.86 .020 0.28 0.14 1.63 0.73 .007 .003 .044 .013

Clupeidae 0.37 .009 0.26 2.20 0.16 O*1O .007 .051 ● 004 .002
Ostneridae 0.31 .007 0.13 1.01 0.37 0.20 .003 .024 .010 .003
Zoarcidae 0.11 .003 0.10 0.09 0.14 0.10 .003 .002 ● 004 .002
Cyclopteridae 0.07 .002 0.14 0.01 0.08 0.01 .004 ~1
Stichel.dae

.002 ~f
0.03 .001 0.01 0.03 0.01 0.07

Agonidae
~1 .001 ~1 .001

0.03 .001 0.03 0.01 0.03 0.04 ,001 :/ .001 .001
Other fish 0.04 .001 0.02 -- 0.09 0.02 .001 ~1 .002 Al

Total fish 6.06 .140 2.70 5.44 5.97 10.87 .069 .127 .161 .189

Caatropod  molluacs
Pelecypod molluacs

2.47
0.08

.057

.002
3.54
0.08

1.71
0.06

2.29
0.04

‘ 1.65
0.16

.090

.002
.040
.001

,062
.001

.029
,003

0.37
1.12
0.66
0.35

.009

.026

.015

.008

0.48
1.59
0.03
0.49

0.24
4.91
0.02
0.30

0.34
0.43
0.54
0.12

0.33
0.03
1093
0.55

.012

.040

.001

.012

.006

.115
.009
.012
.015
● 003

.006

.001

.034

.010

Shrimp
Chionoecetes spo

Paralithodea 6P.
Telemeasus ap.

~1
.007

5.05 .081Total commercially
important invertebrates

.117 6.20 7.24 3.75 4.65 .158 .169 .101

20.61
3.45

.478

.080
15.89
1.73

23.57
0.06

12.30
8.12

38.10
0.06

.404
● 044

.550

.001
.332
.219

.663
● 001

Starfish
Other echinoderms

7.99Other invertebrates ~j .185 12.81 6.56 6.90 3.78 .326 .153 .186 .066

37.10 .860 31.08 46.58 .931 .873 .839Total invertebrates 36.63 37.43

TOTAL CATCH ~i 43.16 39.33 42e87 37.05 57.46

~J Catch per unit effort (kg/km) for all fish and invertebrate taxa combined.
~f Primarily includes coelenteratea,  pagurid crabs and aacidiana.
~/ Proportion leas than .0005.
~/ Total catch for all fish and invertebrate ten.
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abundant families were Gadidae and Pleuronectidae, accounting for 70% of
the fish biomass with this proportion varying from 36% in subarea 2 to 89%
in subarea 4. Families Cottidae, Clupeidae, and Osmeridae, combined,
contributed an additional 25% to total fish biomass. Of these three
families, cottids were most abundant in the offshore subarea 3 while
clupeids  and osmerids were found in greatest concentration in the northern
inshore subarea 2. Three other families, Zoarcidae, Stichaeidae, and
Agonidae comprised most of the remaining 5% of the total fish biomass.
Greatest abundance of these families occurred in the offshore subareas 1
and 3.

Gadidae (saffron cod and Arctic cod)

Gadids were represented by four species (Table VIII-3), with an estimated
total apparent biomass of nearly 23,000 mt (Table VIII-10). This family
was the most abundant component -of the fish community, its members
occurring in all subareas and accounting for nearly 48% of the total fish
biomass (7% of the total demersal biomass). Two gadids, saffron cod and
Arctic cod, comprised 99% of the catch of this family; walleye pollock and
Pacific cod were found only in trace amounts. Maximum contribution of the
Gadidae to total catch rates occurred in subarea 4 (6.7 kg/km), where they
accounted for 62% of the catch rate for all fish (12% of the total
demersal fauna catch rate) (Figures VIII-15 and 16).

Pleuronectidae (flatfishes)

The pleuronectids were represented by 8 species and 7 genera, with an
apparent total biomass estimated at 11,000 mt. This family ranked second
only to the gadids in relative overall abundance, comprising 22% of the
total fish biomass for the survey region (Table VIII-10). Three species,
starry flounder? Alaska plaice, and yellow-fin sole, accounted for nearly
88% of the pleuronectid  biomass. Flatfish distribution and abundance
varied considerably by subarea (Figures VIII-17 and 18), with the highest
average catch rate occurring in subarea 4 (2.9 kg/km), decreasing in
subareas 1 and 3 (1.1 and 0.7 kg/km, respectively) and lowest in subarea 2
(005 kg/km). Pleuronectidae was the most abundant fish family in subarea
1.

Cottidae (sculpins)

Sculpins were represented by 13 species and 10 genera, with an apparent
biomass estimated at nearly 7,000 mt. This family accounted for over 14%
of the total fish biomass (2% of total biomass) in the survey area and
were distributed over the entire survey region (Figures VIII-19 and 20).
Highest catch rates occurred in the offshore subarea 3 (1.6 kg/km), where
68% of the total cottid biomass i.ias Z09.-;. The average catch rate for
cottids over the entire survey region was 0.9 kg/km trawled and three
species, the shorthorn sculpin, plain sculpin, and Arctic staghorn
sculpin, comprised 867. of this catch rate.
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Clupeidae and Osmeridae (herring and smelt)

Clupeids and osmerids were represented by 4 species and genera and com-
prised about 11% of the total fish biomass or approximately 5,000 mt.
Of this amount, 44% occurred in inshore subarea 2 with clupeids  being
the most abundant fish family in that subarea (Figures VIII-21 and 22).
Average catch rates ranged from 3.2 kg/km in subarea 2 to 0.3 kg/km in
subarea 4. The overall average catch rate for these families was 0.7 ~g/km
trawled with Pacific herring and toothed smelt accounting for 98% of this
amount.

Zoarcidae, Cyclopteridae. Stichaeidae, and Aponidae (eelpouts. snailfish,
~ricklebacks.  and sea poachers)

These four families were represented by 12 species from 9 genera and all
were caught in trace amounts during the survey. Estimated total biomass
for this fish group was about 2,000 mt with an overall average catch rate
of 0.3 kglkm trawled. Centers of abundance varied by family with prickle-
backs and sea poachers found in slightly greater amounts in subarea 4
(Figures VIII-23 and 24), snailfish in subarea 1 {Figure VIII-25), and
eelpouts in subarea 3 (Figure Viii-26).

Invertebrate Groups

Since this study focused on invertebrates only of potential economic
importance, this segment of the invertebrate fauna was the portion
examined in detail. Another group, the echinoderms, were also examined
because of their extremely high abundance relative to other survey region
fauna.

The major component of the survey catch was echinoderms, accounting for
65% of the invertebrate catch and nearly 56% of the total demersal
biomass. The proportion of catch and biomass varied over all subareas with
48 and 45%, respectively in subarea 1; and 82 and 60%,respectively,in
subarea 4. Invertebrates of potential cormnercial importance included
several types of crustaceans and molluscs and accounted for about lQL of
the total invertebrate fauna. The crustacean group had their greatest
biomass in subarea 2 while molluscs were most abundant in subarea 1. The
remaining 22% of the invertebrate biomass primarily included coelente-
rates, pagurid crabs, and ascidians and were most abundant in the northern
and western portions of the survey area, subareas 1 and 3.

Echinodermata (starfish, basketstars, and other echinoderms)

Echinodermata was represented by 24 species (Table VIII-4) with an esti-
mated apparent biomass of over 180,000 mt (Table VIII-10). This phyla
was by far the most a~undant component of the demersal community in the
survey area, occurring in large amounts in all subareas. Starfish
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comprised most of the echinoderm catch and were most abundant in subarea 4
(Figures VIII-27 and 28). Members of the family Asteridae accounted for
the major portion of the starfish biomass while the basketstar, Gorgonoce-

ti -? was the dominant element of the remaining echinoderm catch.
Maximum contribution of Echinodermata  to total catch rates occurred in the
embayments of Norton Sound (subarea 4, 38.2 kg/km) and Kotzebue Sound
(subarea 2, 23.5 kgfkm) where they accounted for 66 and 55%, respectively,
of the average catch rates of all species.

Crustacea (shrimp and crabs)

Crustaceans of possible economic importance were represented by 10 species
of shrimp and 3 crab species, with an apparent total biomass estimated
at about 19,000 mt. The abundance and relative importance of this compo-
nent of the invertebrate fauna varied by subarea. Overall maximum
abundance was in subarea 1 (Table VIII-10), but by groups, maximum
relative abundance and catch rates were as follows: for shrimp, subarea 1
(005 kgfkm, Figures VIII-29 and 30); Tanner crab, subarea 2 (4.9 kg/km,
Figures VIII-31 and 32); and king crab, subareas 3 and 4 (.05 and
1.9 kg/km, respectively, Figures VIII-33 and 34).

Mollusca (snails and clams)

Gastropod and pelecypod  molluscs were represented by 87 species, with
an apparent biomass estimated at over 20,000 mt. Relative abundance was
somewhat similar by subarea with slightly greater catch rates occurring
in subareas 1 and 3 (3.6 and 2.3 kg/km, respectively). Gastropod (or
snails) comprised the major portion of mollusc catches (97%) with centers
of abundance again in subareas 1 and 3 (Figures VIII-35 and 36).
Pelecypods (clams) were caught in small amounts throughout the study
region with slightly larger catch rates occurring in subarea 4 (Figures
VIII-37 and 38).

Other invertebrates (coelenterates, pagurid crabs. ascidians.and others)

Other invertebrates were represented by 41 species from 10 phyla, with
an apparent total biomass estimated at over 62,000 mt, of which over 50%
was found in subarea 1 (Table VIII-10). Overall catch rate for this group
was 8.0 kg/km.
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Relative Importance of Individual Species

Rank Order of Species by Frequency of Occurrence

Fish--Twelve species occurred at about 50% or more of the demersal sta-
~s occupied during the 1976 survey (Table VIII-12). The most frequently
occurring species was Arctic cod, which was found at nearly 85% of all
stations sampled. Other widely distributed species included saffron cod
(78%) , Arctic staghorn sculpin (75%), toothed smelt (67%), sturgeon
poacher (62%), and yellowfin  sole (56%).

The frequency of occurrence of species varied widely by subarea. Although
Arctic cod and saffron cod were generally among the most common fish in
all subareas, the percent occurrence of many other species showed large
differences between subareas. Yellowfin sole occurred at 81% of the
stations sampled in the embayments of Norton and Kotzebue sounds (subareas
4 and 2, respectively) and at only 28% of the more offshore regions
surveyed in the southeastern Chukchi Sea and northern Bering Sea (subareas
1 and 3, respectively). Similar patterns were seen for Alaska plaice,
toothed smelt, Pacific herring, and the slender eelblenny. Shorthorn
sculpin, snailfish, and capelin showed the opposite pattern, occurring at
a far greater percentage of stations in the offshore subareas as compared
to subareas more nearshore. Other species exhibited large differences in
percent occurrence between areas north and south of Bering Strait. Bering
flounder were far more common in catches in the northern subareas while
the plain sculpin displayed a greater frequency of occurrence in southern
subareas, especially Norton Sound.

Invertebrates--In addition to starfish and the unidentified invertebrate
groups, four shellfish species of potential economic importance occurred
at over 50% of the 1976 survey stations (Table VIII-13), The most common
of these species was Argis shrimp (Argis spp.) which was found at nearly
75% of the stations, The other species widely distributed over the survey
area were Tanner crab (67%) and two neptunid whelks, Neptunea heros (64%)
and ~. ventricosa (56%). As with fish taxa, rank order of occurrence
varied by subarea. Tanner crabs frequently occurred in catches in most
regions but its incidence decreased substantially in Norton Sound (subarea
4). Blue and red king crabs were frequently encountered, but each only in
one subarea, (3 and 4, respectively). Other species displayed marked
changes in percentage occurrence between offshore and inshore regions.
Basketstars and three neptunid whelks, Neptunea heros, ~. ventricosa, and
_. borealis, occurred at a far greater number of offshore stationsN
(subareas 1 and 3) than inshore (subareas Z and 4). The distribution of
Telemessus crab displayed an opposite pattern, occurring more often
inshore than offshore.

Rank Order by Relative Abundance
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Fish--Two species, saffron cod and starry flounder, together accounted
-over 57% of the ,total catch of all fish (Table VIII-14). In all



Table VIII-12.-Rank order by frequency of occurrence (percent) of the
z(’) most common fish taxa in Norton Sound, the southeastern Chukchi
Sea and adjacent waters (BLM/OCS survey, 1976).

Atl areas Subarea
Rank Taxon combined 1 3 4

1

2

3

4

5

6

7

8

9

10

11

72

~3

14

15

16

17

18

19

Arctic cod

Saffron cod

Arctic staghorn sculpin

Toothed smelt

Alaska plaice

Sturgeon poacher

Yellowfin  sole

Slender eelblenny

Shorthorn sculpin

Pacific herring

Starry flounder

Antlered scu?pin

Unidentified snailfish

Polar eelpout

Plain sculpin

Ribbed sculpin

walleye  pollock

Wattled eelpout

Bering flounder

20 Capelin

84.9

78.1

75.0

67.2

66.1

62.0

56.3

55.2

55.2

49.5

47.4

44.8

43.2

32.3

29.7

28.6

27.6

27.1

26.5

84

50

70

41

41

50

27

52

52

41

25

20

52

59

. .

30

18

34

68

74

89

85

89

85

52

55

74

37

74

37

52

33

30

7

33

15

44

40

“91

63

96

46

39

70

28

26

96

39

17

37

78

30

17

39

50

2

22

84

100

63

88

91

68

91

68

39

52

83

62

20

31

63

20

23

32

-.

24.4 39 11 48 6

Total fish species 48 34 32 36 36

Total numberof  hau?s 192 44 27 46 75
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Table VIII-13 .--Rank order by frequency of occurrence (percent) of the most
common invertebrate taxa in Norton Sound, the southeastern Chukchi Sea
(J3LM/OCS  survey, 1976).

All areaa Subarea
Rank Taxon combined 1 2 3 4

1

2

3

4

5

6

7

8

9

10

11

1.2

13

14

25

16

17

18

19

20

Starfish

Other invertebrates

ArJ#lJ Spp .

Tanner crab

Neptunea heros

Neptunea =ntncosa

Beringius  beringii

Serz7Lpes groenlandi cus

Baaketstara

Telemessus  crab

Red king crab

Pandalus ~oniurua

Crangon dalli

Sclerocrangon boreas

Neptunea borealis

Pyrulofusus deformis

Clinocardium  ciliatum

Volutopsius  fragilis

Blue king crab

Buccinium anfwlossum

95.8

90.6

74.5

67.2

64.1

55.7

46.9

44.3

37.5

35*9

33.9.

30.2

24.5

24.5

21.9

17.2

16.1

13.0

22.0

11.5

95

91

80

95

70

55

41

30

50

18

2

25

7

14

41

5

18

23

5

16

96

89

81

85

41

48

56

56

22

48

U

19

15

41

7

11

48

19

7

96

98

80

89

85

78

40

43

65

7

7

41

2

20

43

30

4

17

46

20

96

87

65

31

56

45

53

49

19

60

77

31

52

28

11

19

11

3

--

5
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Table VIII-14 .--Rank order of abundance of the 20 most abundant fish taxa
in Norton Sound and the southeastern Chukchi Sea, all areas combined
(BLM/OCS survey, 1976).

Cumulative
*&/ Proportion of~~ Proportion of~~ proportion of

Rank Taxon (kg/km) fish CPUE total CHJE ftsh CPUE

1

2

3

4

5

6

7

8

“9

10

33.

12

13 ~

14

15

16

17

18

19

20

Saffron cod

Starry flounder

Shorthorn sculpin

Pacific herring

Toothed smelt

Alaska plaice

Yellowfin  sole

Arctic cod

Plain sculpin

Pacific halibut

Arctic staghorn

Polar eelpout

sculpin

Unidentified snailfish

Antlered sculpin

Walleye pollock

Belligerent sculpin

Sturgeon poacher

Bering flounder

Longhead dab

Wattled eelpout

2.70

0.77

O*54

0.37

0.29

0.21

0.19

0.17

0.12

0.11

0.09

0.09

0.07

0.04

0.04

0.03

0.03

0.03

0.03

0.03

0.446

0.127

0.089

0.061

0.048

0.035

0.031

0.028

o* 020

0.018

Oeols

0.015

0.012

0.007

0.007

0.005

0.005

Q.005

0.005

0.005

0.063

0s018

0.013

0.009

0.007

0.005

0.004

0.004

0.003

0.003

0.002

0.002

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.446

0.573

0.662

0.723

0.771

0.806

0.837

0.865

0.885

0.903

0.918

0.933

0.945

00952

0.959

0.964

0.969

0.974

0.979

0.984

&/ Overall catch per unit effort, kg/km trawled. Total effort = 620.7 km.

~/ Proportion of catch per unit effort, total fish only. Fish CPUE = 6.06 kg/km trawled.

~/ Proportion of total catch per unit effort, all fish and invertebrates combined.
Total CPUE = 43.16 kg/km trawled.
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subareas, these species and one or two others usually dominated, account-
ing for over 50% of the total fish catch (Tables VIII-15 through
18).

Invertebrates-- Starfish, basketstars} and “other!’  invertebrates (not iden-
tified for this report) comprised over 85% of the total mean catch for all
invertebrates combined (Table VIII-19). The remaining 15% consisted of
several mollusc and crustacean species which may have potential for
commercial utilization and were the primary invertebrate species of
interest for our study. Of this group, the neptunid  whelk, Neptunea heros,
Tanner craby and red king crab were dominant, representing 68% of the
commercial invertebrate catch. As with fish taxa, two or three species
usually dominated each subarea catch (Tables VIII-20 through 23).

Rank order by relative abundance for all taxa identified during the
baseline study is given in Appendices E and F.
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Table VIII-15. --Rank order of abundance of the 20 most abundant fish taxa
in the southeastern Chukchi Sea (subarea 1, BLM/OCS survey, 1976).

3 / Cumulative
2] Proport ion of-CPUE&/ Proportion of-

Rank
proportion of

Taxon (kg/km) fish CFUE total CPlJ13 fish CPUE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

35

16

17

18

19

20

Starry flounder
4/Pacific halibut-

Sa5fron cod

Pacific herring

Arctic cod

Shorthorn sculpin

Alaska plaice

Unidentified snailfish

Toothed smelt

Polar eelpout

Walleye pollock

Bering flounder

Arctic staghorn sculpin

Yellowfin  sole

Sturgeon poacher

Capelin

Antlered sculpin

Wattled eelpout

Belligerent sculpin

Slender eelblenny

0.53

0.32

0.31

0.26

0.20

0.18

0.16

O*14

0.10

0.08

0.08

0.07

0.06

0.03

0.03

0.03

0.02

0.02

0.01

0.01

0.205

0.118

0.114

.0.096

0.076

0.067

0.058

0.050

0.037

0.031

0.030

0.027

0.021

0.013

0.012

0.032

0.008

0.007

0.005

0.004

.014

.008

.008

.007

.005

.005

.004

.003

.003

.002

.002

.002

.001

.001

.001

.001

.001

0.205

0.323

0.437

0.533

0-609

0.676

0.733

0.784

0.821

0.852

0.881

0.908

0.929

0.942

0.954

0.966

0.973

0.980

0.985

0.989

Overall catch per unit effort, kg/km trawled. Total effort = 139.2 km.

Proportion of catch per unit effort, total fish only. Fish CPUE = 2.70 kg/km trawled.

&oportion of total catch per unit effort, all fish and invertebrates combined.
Total CPUE = 39.33 kglkm trawled.

Total catch for this species = 1 large fish (44.2 kg).

Proportion less than 0.0005.
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Table VIII-16. --Rank order of abundance of the 20 most abundant fish taxa
in Kotzebue Sound (subarea 2, BLM/OCS survey, 1976).

Cumulative
CPUE~/ Proportion ofg~ Proportion of~f

Rank
proportion of

Taxon (kg/km) fish CPUE total CPUE fish CPLZ

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Pacific herring

Saffron cod

Toothed smelt

Mash plaice

Starry flounder

Yellowfin sole

Arctic cod

Polar eelpout

Arctic staghorn  sculpin

Antlered sculpin

Bering flounder

Wattled eelpout

Slender eelblenny

Shorthorn sculpin

Longhead dab

Unidentified snailflsh

Ribbed sculpin

Sturgeon poacher

Capelin

Belligerent sculpin

2.20

L 28

1.00

0.20

0.15

0.13

0.12

0.06

0.05

0.04

0.04

0.03

0.03

0.02

0.02

0.01

0.01

0.01

0.01

0.01

0.404

0.235

0.184

0.037

0.028

0.023

0.021

0.010

0.009

0.008

0.008

0.006

0.006

0.004

0.004

0.002

0.002

0.002

0.001

0.001

0.051

0.030

0.023

0.005

0.003

0.003

0.003

0.001

0.001

0.001

09001

0.001

0.001

0.404

0.640

0.824

0.861

0.889

0.912

0.934

0.944

0.953

0.961

0.969

0.975

.0.981

0.985

0.989

0.991

0.993

0.994

0.995

0.996

&/ Overall catch per unit effort, kg/km trawled. Total effort = 86.6 km.

~/ Proportion of catch per unit effort, total fish only. Fish .CPUX = 5.44 kg/km trawled.

~/ Proportion of total catch per unit effort, all fish and invertebrates combined.
Total CPUE = 42.87 kg/km trawled.

~/ Proportion less than .0005.
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Table VIII-17 .--Rank order of abundance of the 20 most abundant fish taxa
in the northern Bering Sea, north of St. Lawrence Island (subarea 3, BLM/OCS
survey, 1976).

Cumulative
CPUE~’ Proportion ol# proportion o# proportion of

Rank Taxon (kg/lun) fish CPUE total CPUE fish CPUE

1

2

3

4

5

6

7

8

9

10

n

14

15

16

17

18

19

20

Saffron cod

Shorthorn sculpin

Starry flounder

Toothed smelt

Pacific herring

Alaska plaice

Arctic staghorn sculpin

Arctic cod

Plain sculpin

Polar eelpout

Yellowfin sole

Unidentified snailfish

Belligerent sculpin

King salmon

Capelin

Antlered sculpin

Walleye pollock

Bering wolffish

Sturgeon poacher

Longhead dab

2.58

1.23

0.42

0.34

0.16

0.16

O*14

0.14

0.13

0.12

0.09

0.08

0.06

0.04

0004

0.03

0.03

0.03

0.03

0.03

0.433

0.205

0.071

0.056

0.027

0.026

0.024

0.024

0.022

0.020

0.014

0.013

0.010

0.007

0.006

0.006

0.005

0.005

0.004

0.004

0.070

0.033

0.011

0.009

0.004

0.004

0.004

0.004

0.004

0.003

0.002

0.002

0.002

0.001

0.001

0.OO1

0.001

0.001

0.001

0.001

0.433

0.638

0.709

0.765

0.793

0.819

0.843

0.866

0.888

0.908

0.922

0.936

0.946

0.953

0.959

0.965

0.970

0.975

0.979

0.983

~j Overall catch

~/ Proportion 05
trawled.

~/ Proportion of

per unit effort, kg/km trawled. Total effort = 150.9 km.

catch per unit effort, total fish only. Fish CPb73 = 5.97 kg/km

total catch per unit effort, all fish and invertebrates combined.
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Table VIII-18 .--Rank order of abundance of the 20 most abundant fish taxa
in Norton Sound (subarea 4, BLM/OCS survey, 1976).

CPUE ~1 Cumulative
2/ Proportion of~~Proportion of–

Rank
proportion of

Taxon (kg/km) fish CPUE total CPUE fish CPUE

1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

19

20

Saffron cod

Starry flounder

Yellowfin sole

Alaska plaice

Plain sculpin

Toothed smelt

~XCtiC cod

Shorthorn sculpin

Pacific herring

Arctic staghorn sculpin

Fourhom sculpin

Antlered sculpin

Polar eelpout

Longhead dab

Slender eelblenny

Sturgeon poacher

Wattled eelpout

Arctic flounder

Belligerent sculpin

Lumpenus mackayi

6.56

1.83

0.59

0.35

0.29

0.20

0.17

0.17

0.10

0.08

0.08

0.08

0.06

0.06

0.04

0.04

0.04

0.04

0.03

0.03

0,604

0.168

0.053

0.032

0.026

0.018

0.016

0.015

0.009

0.008

0.007

0.007

0.006

0.006

0.005

0.003

0.003

0.003

0.003

0.003

0.114

0.032

0.010

0.006

0.005

0.003

Q.003

0.003

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.001

y

0.604

0.772

0.826

0.858

0.885

o* 903

0.918

oe934

0.943

0.950

0.957

0.964

0.970

0.976

0.980

0.983

0.986

0.990

0.992

0.995

~i Overall catch per unit effort, kg/km trawled. Total effort = 243.9 km.

~j Proportion

~t Proportion
Total CPUE

~/ Proportion

of catch per unit effort, total fish only. Fish CPUE u lC.87 kg/km trawled.

of total catch per unit effort, all fish and invertebrates combined.
= 57.46 kg/km trawled.

less than 0.0005.
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Table VIII-19 .--Rank order of aburidance “of the 20 most abundant invertebrate
taxa of possible commercial importance in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLJf/OCS survey, 1976).

Proportion o&l
commercially
important Proportion/

CPUE ~/ invertebrate of total Cumulative
Taxon (kg/km) CPUE proportion

ITentunea hems— .

!tb.nner  crab

Red king crab

Telemessus crab

Neptunea ventricosa

Argis Sp.

Blue king crab

Sclerocrangon  boreas

Beringius beringii

Py7ulofuaus  deformis

Serripes goenlandicus

Volutopsius  fragilis

Psndalus goniurus

Crangonidse

Volutopsius  castsneus

Cyclopecte radolphi

Cra.n~n dalLi

Buccinumyolare

Neptunea borealis

Buccinum  angul Ossum

1.85

1.3.2

0.48

0.35

0.35

0.21.

0.19

O*I.2

0.09

0.08

0.05

O*O2

0.02

0.02

O*O1

0.01

0.01

0.01

0.01

0.01

0.366

0.221.

0.094

0.070

0.068

0.041

0.037

0.023

0.019

0.015

0.03.0

0.004

0.003

0.003

0.0Q3

0.002

0.002

0.002

0.002

0.001

0.043

0.026

0.o11

0.008

0.008

0.005

0.00J+

0.003

0.002.

0.002

0.001

0.001

0.366

0.58’7

0.681

0.751

0.820

0.860

0.897

0.921.

0.939

0.954

0.964

0.968

0.972

0.975

0.977

0.979

0.982

0.984

0.986

0.987

&#. Overall catch per unit effort, kg/km trawled. TotsJ. effort = 620.6 ~.
~ Proportion of catch per unit effort for invertebrates of possible commercial.

importance only; CPUE = 5.06 kg/kmtrfiwled.
~ Proportion of total catch per unit effort, all fish and invertebrates combined.

Total CPlX3 = h3.16 kg/kmtrawled.
~ Proportion less than .0005.

394



Table VIII-20 .--Rank order of abundance of the 20 most abundant invertebrate
taxa of possible commercial importance in the southeastern Chukchi Sea
(subarea 1, BLM/OCS survey, 1976).

Proportion *f?/
commercially
important p~PortiO~/

CPuE 1/ invertebrate
(kg/&) ~~

of total Cumulative
Taxon CPUE proportion

1

2

3

4

5

6

7

8

9

10
n
12

13

14

15

16

1?

18

19

20

Ne~tunea heros— .

l’snner crab

Telemessus crab

Neptunea ventricosa

Argis sp.

Sclerocrangon boreas

Beringius beringii

Volutopsius  fragilis

Cyclopecte ra.ndolphi

mofusus deformis

Blue king crab

Buccinumpolsxe

Volutopsius castaneus

Serripes green.landicus

Neptu~e borealis

Natica clausa.—

Buccinum an@Ossuril

Polinices pallida

Pendalus ~niurus

Buccinum scalariforme

2.77

1*59

0.49

0.48

0.26

0.07

0.04

0.04

0.03

0.03

0.02

0.02

0.02

0.02

0.02

O*O1

0.01

0.01

0.01

0.477

0.256

0.079

0.078

0.041

0.034

0.032.

0.006

0.006

0.005

0.004

0.004

0.003

0.003

0.003

0.003

0.002

0.002

0.001

0.oo1

0.071

0.040

0.012

0.012

0.007

0.005

0.002

0.001

0.001

0.001

0.001

0.001

0.001

0.001

0.091

4_/

y

y

0.447

o* 703

0.782

0.861

0.902

0.936

0.947

0.954

0.960

0..g64

0.969

0.973

0.977

0.980

0.983

0.986

0.989

0.990

0.992

0.993

Overall catch per unit effort, kg/km trawled. Total effort = 139.2 km.
Proportion of catch per unit effort for invertebrates of pssible commercial
importance; CPUE = 6.20 kg/kmtrawled.

Proportion of total catch per unit effoti, all fish snd invertebrates combined.
Total CPUE = 39.33 kdm trawled.

Proprtion less than .0005.
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Table VIII-21 .--Rank order of abundance of the 20 most abundant invertebrate
taxa of possible commercial importance in Kotzebue  Sound (subarea 2,
BLM/OCS survey, 1976).

Proportion of~~
commercially
import ant Proportiox&’

CPh 1/ invertebrate of total Cumulative
Tsxon (kg/G) CPUE CPUE proportion

Tanner crab

I’?eptunea heros

Telemessus  crab

Neptunea ventricosa

Argis sp.

Beringiua beringii

Pyrulofusus  deformis

Sclerocrangon  boreas

Buccinum scalariforme

Volutopsius  fragilis

Serripes groenl.andicus

Re& king crab

Aatarte borealis

Buccinum  anti Ossum

Clinocardium  ciliatum

Neptunea lyrata

Pandalus goniurus

Clinocardium
cslifornisnaus

Crangon da.lli

Natica clausa—.

h.gl

1.1.1

0.30

0.27

0.19

0.19

0.06

0.04

O*O3

0.03

0.02

0.02

0.01

0.01

0.01

~/

a

~/

z

~/

0.677

0.153

0.041

0.037

0.027

0.026

0.009

0.006

0.004

0.004

0.003

0.002

0.002

0.001

0.001

y

o.11.5

0.026

o* 007

0.006

0.004

O.ook

0.001

0.001

0.001

0.677

0.829

0.870

0.907

0.934

0.960

0.968

0.974

0.978

0.983

0.986

0.988

0.990

0.992

0.993

0.994

0. ggb

0.995

0.995

0.995

~/ Overall catch per unit effort, kg/km trawled. Total. effort = 86.6 km.
~ Proportion of catch per unit effort for invertebrates of possible commercial

importance only; CHJE = 7.26 kg/km trawled.
~/ Proportion of total catch per unit effort, Ql fish and invertebrates combined.

Total cpw = 1+2.87 kg/km trawled.
~ Proportion less than . 0~05.
~ Proportion less than .005.
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Table VIII-22 .--Rank order of abundance of the 20 most abundant invertebrate
taxa of possible commercial importance in the northern Bering Sea (subarea 3,
BLM/OCS survey, 1976).

Proportion 02/
commercially
important Propor~io~/

m  II invertebrate of total Cumletive
Rank Tsxon (kg/G) CPUE CPU-E proportio~

1

2

3

4

5

6

7

8

9

10

11

x?

13

14

15

16

17

18

19

20

Neptunea heros

Blue king crab

Neptunea ventricosa

AIWis Spo

Pyrulofusus  deformis

Telemessus crab

Sclerocrangon  boreas

Beringius beringii

Red king crab

Crangonidae

Pandalus gcniurus

Serripes groenlandicus

Volutopsius castaneus

Volutopsius  fragilis

Beringius  fragili

Neptunea borealis

Buccinum polare

Astarte borealis

Buccinum  angul Ossum.—

Colus spitzbergensis

1.55

0.50

0.41

0.17

0.15

0.12

0.09

0.08

0.05

0.04

0.03

0.02

0.02

0.02

0.01

0.01

0.01

ti

~lf

:/

0.412

0.133

O.KLO

0.044

0.041

0.032

0.025

0.022

0.012

0.012

O.ooi’

0.005

0.004

0.004

0.003

0.002

0.002

0.001

0.001

0.001

o.ob2

0.013

O.ou.

0.005

0.004

0.003

0.003

0.002

0.001

0.001

0.001

0.001

o.h2

0.545

0.655

0.699

0.741

0.772

0.798

0.820

0.832

0.844

0.852

0.857

0.861

0.865

0.868

0.870

0.872

0.873

0.874

0.875

~/ Overall catch per unit effort, kg/km trawled. Total effort = 150.9 km.
~1 Proportion of catch per unit effort for invertebrates of possible commercial

importance only; CHJE = 3.75 kg/kmtrawled.
Proportion of total catch per unit effort, all fish and invertebrates combined.

Total. CPU_E = 37.05.
Proportion less than .0005.
Proportion less than .005.
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Table VIII-23 .--Rank order of abundance of the 20 most abundant invertebrate
taxa of possible commercial importance in Norton Sound (subarea 4, BLM/OCS
survey, 1976).

Proportion of~/
commercially
important Proportior#

cPPhq invertebrate of total Cumulative
Rank Taxon CPUE CPUX proportion

1

2

3

4

5

6

7

8

9

10

U

u.
13

14

15

16

17

18

19

20

Red king crab

Neptunea heros

Telemessus  crab

Argis sp.

Serripes groenlandicus

Beringius berirwii

Neptunea ventricosa

Sclerocrsngon  boreas

Craugon dalli

Tanner crab

Unidentified snails

Pyrulofksus  deformis

Pandalus goniurus

Pandalus hypsinotus

Clinoc8rdium
californianaua

Volutopsius  fragilis

Clinocardium  ciliatum

Neptunea borealis

Musculus discors

M&W-

1.93

1.39

o* 55

0.21

O.lh

0.10

0.10

0.06

0.04

0.03

0.02

0.02

0.02

0.01

0.01

0.01

~/

a

Y

Y

0.415

0.299

0.3.18

0.045

0.031

0.022

00022.

0.012

0.009

0.006

0.005

0.005

0.004

0.002

0.$1o1

0.002

0.001

0.001

0.001

y

0.034

0.024

0.010

0.003

0.003

0.002

0.002

0.001

0.001

0.001

k_/

y

~/

y

ly

o. L15

0.714

0.832

0.877

0.908

0.93

0.952

0.964

0.973

0.979

0.984

0.988

0.992

O.ggb

0.996

0.997

0.998

0.998

0.999

0.999

g Overa catch per unit effort, kg/km trawled. Total effofi . 2h309 ~.
~ Proportion of catch per unit effort for invertebrates of possible commercial

importance only; CPUE = 4.65 kg/kmtrawled.
~/ Proportion oftotsJ catch per unit effort, all fish and invertebrates combi~ed.

Total CPLJE = 57.46 kghcm trawled.
&/ Proportion less than .QO05.
Z Proportion les. than .005.
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SPECIES ASSOCIATIONS

PROCEDURES

The relationships between demersal fish and numerous invertebrate taxa
were initially examined by means of species assemblages, as determined
through the recurrent group procedure described by Fager (1957, 1963)
and Fager and Longhurst  (1968). This analysis identifies species associa-
tions on the basis of co-occurrence of species within trawl samples and
a dichotomy of grouping rules. The geometric mean of the proportion of
co-occurrences, corrected for sample size, was used as an index of the
affinity:

where~ is the number of joint occurrences, ~ is the number of occurrences
by species A, and Q is the number of occurrences by species B (b~a). Only
those species pairs having indices above the specified value (0.60) were
considered to have affinities.

Several criteria were used in the determination of valid groupings: each
species in a group had to show an affinity with all other members of that
group, the largest possible groups were formed, and no species could occur
in more than one group. Species showing affinities with some but not all
members of a group were considered associate members.

After recurrent groups were defined, intergroup relationships were deter-
mined as the ratio of the number of observed species - pair affinities
between the groups to the maximum number of possible cc .,lections.  The
occurrence of groups (all group members present) amen: .ations  were also
listed and plotted.

ALL catch data for positively identified fish and invertebrate taxa in
the 192 successful demersal trawl hauls were included in the analysis.
Saffron cod were classified as adults ( >10 cm) and juveniles (510 cm)
because of their large numbers and relative importance. Invertebrate taxa
included in the analysis were those groups mentioned earlier: starfish,
basketstars, gastropod and pelecypod  molluscs, shrimp, and Tanner, king,
and Telemessus crabs.

RESULTS

Twenty-three (23) taxa were identified through the recurrent grouping
procedure as having one or more affinity values greater than 0.60 and
were organized into five,groups.  The remaining taxa examined did not occur
frequently enough to show affinity at the assigned level. Group composi-
tions and intergroup relationships are shown in Figure VIII-39.
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?igure VIII-39. --Recurrent species groups and their relationships in Norton Sound,
the southeastern Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).
Fractions indicate the ratio of the number of observed species-pair affinities
between groups to the maximum numbers of possible comections (maximum possible
connections for any two groups = product of number of species within both
groups). Dotted lines indicate associated taxa show”i$~ affinity with some
group numbers, but not all.
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Although relatively few taxa were found to have significant relationships,
the composition and distribution patterns of these recurrent species
groups suggest that they characterize important features of the survey
area environment: (1) the 23 taxa accounted for 71% of the total survey
catch by weight, and (2) group occurrences were regional, with fairly
limited geographical overlap.

Group 1 (total survey region group): Eight taxa formed this group which
had the most widespread distribution throughout the survey area at all
depths. This combination of species was also the most commonly encountered
group, occurring at 7’9 trawl stations (Figure VIII-G()) and included
several taxa (starfish, adult saffron cod, and Arctic cod) which dominated
the total survey catch. The Greenland cockle was associated with two group
members, starfish and Argis shrimp.

Group 2 (Norton Sound shallow-water group): TWO fish and one invertebrate
species formed group 2 which was found at 52 stations, primarily at depths
less than 25 m and almost exclusively in Norton Sound (Figure VIII-41).
Although starry flounder and yellowfin sole were found together in several
other areas of the survey region, the inclusion of red king crab into
this group caused this groupls highly defined regional distribution.

Group 3 (offshore group): Group 3 members (3 invertebrate species) and
three associates occurred together at 62 stations
regions of the survey area,

, primarily in offshore
in both the northern Bering and southeastern

Chukchi seas (Figure VIII-42). When this group occurred in shallow water
(<25 m), their Presence was generally associated with bottom waters
colder than 6°C. The shorthorn sculpin and snailfish showed affinity with
Tanner crab, while the whelk, Beringius beringii, was associated with
another group member, the fat neptune whelk, Neptunea ventricosa.

Group 4 (all survey area shallow-water group): Group 4 members (two
species and one associate) were frequently encountered throughout the
survey region (72 stations) at water depths less than 25 m, and occasion-
ally at slightly deeper depths (Figure VIII-43).  Pacific herring showed
affinity with juvenile saffron cod but not with the slender eelblenny.

Group 5 (nearshore shallow-water group): The two species of this group
were encountered together at 52 stations in several nearshore sampling
areas where water depths were less than 25 m. The heaviest concentration
of occurrences of group 5 was encountered in inner Norton Sound (Figure
VIII-44).

The results of these preliminary analyses provide evidence for recurrent
features in the organization of demersal fauna for Norton Sound, the
southeastern Chukchi Sea, and adjacent waters during late summer months in
one year. A relatively small number of principal species appears to define
much of the demersal community structure. These principal species were
identified as members of five groups: one which occurred throughout much
of the survey region at most depths, another group which appeared
associated with deeper, tolder water, and three combinations of taxa which
occurred in shallow water but had specific distributional features which
provided a means for separation.
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Figure VIII-41. --Occurrence of recurrent group 2 in Norton Sound, the
southeastern Chukchi Sea and adjacent waters (BL1l/OCS  survey, 1976).
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Distribution, Biomass, and Biological Features of
Principal Species of Fish

Saffron cod

Distribution and abundance--Saffron cod was the most abundant fish species
encountered in the survey area. It occurred at 78% of the demersal
stations sampled (Table VIII-24) and accounted for 45% of the total
apparent biomass for all fish species combined. Largest concentrations of
saffron cod were located in the outer portion of Norton Sound and the
eastern portion of the northern Bering Sea (strata 40 and 3E) (Figures
VIII-45 and 46) where catches averaged 8.0 and 8.2 kg/km, respectively.
Average catch rates decreased to about 1.8 kg/km in outer Kotzebue  and
inner Norton sounds (strata 2@ and 41) and further declined to between 0.1
and 0.7 kgfkm in the remainder of the survey region. The overall mean
catch rate for the entire survey area was about 2.2 kg/km trawled.

Table VIII-24. --Estimated biomass and population size of saffron cod in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

Proportion Proportion 34ean size per
Percent Mean Estimated of total Estimated of total

frequency of
individual

biomass estimated population estimated weight
Stratum (k;~)~i

length
occurrence (ret) biomass (x 103) population (kg) (cm)

Southeastern Chukchi  Sea and Kotzebue Sound

2N 27.6 0.3.20 188 .010 43,660 .049 .004 7.74

2s 93.3 0.687 520 .028 31,968 .036 .016 8.92

2$ 89.5 1.710 735 .040 43,802 .049 .017 10.38

21 87.5 0.272 83 .005 6,937 .008 .012 8.25’

Norton Sound and Northern Bering Sea

3U 46.9 0.125 274 .025 5,332 .006 .051 19.07

3E 100.0 8.195 5,015 .273 158,797 .179 .032. 15.02

40 100.0 7.952 10,587 .576 550,172 .619 .019 11.50

41 100.0 1.821 968 .053 48,737 .055 .020 12.07

All strata
combined: 78.1;’ 2.192 18,37# 889,385 .020 11.51

~/ Mean catch per unit effort, kg/km trawled.
2J Percent occurrence in 192 successful hauls.
I{ 95% confidence incen’al: 14,116-22,624 mt.

The apparent biomass of saffron cod in the entire survey area was
estimated at 18,400 mt (95% confidence interval 14,100-22,600 ret). This is
a minimum estimate fbr the survey region, since saffron cod are semi-
pelagic and some unknown proportion of the population occupied the water
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column above the demersal trawl, thus being unavailable to the sampling
gear. In addition, saffron cod concentrations may have existed beyond the
southern boundary of the survey region. Some of the largest catches of
this species occurred near the southern limit of strata 3E and 40; earlier
Japanese trawl surveys in 1968-1970 indicated catches of saffron cod of up
to 1000 kg/30 minute trawl hauls off Cape Romanzof, 50 km south of the
survey boundary.

For the saffron cod population sampled, the major portion of the biomass
(approximately 85%) was located in strata 3W and 40. Of the remaining
biomass, 5% was located in stratum 41, &’% in stratum 21, and 1-3% in all
other strata.

The relative distribution of estimated numbers of fish differed
from that of apparent biomass. In the southeastern Chukchi
offshore stratum lN had an estimated apparent biomass of only 188
in the more nearshore strata 1S and 20, the estimated biomasses
and 735 mt, respectively. Population estimates for these strata,

somewhat
Seal the
mt while
were 520
however,

were 44mi~lion fish in lN, 32 million in 1S, and 44 million in”2@. While
biomass estimates for stratum IN were only 1/4 to 1/3 that for strata
IS and 20, its estimated population equalled or exceeded that for the
other strata.

As with biomass, most of the estimated population of saffron cod occurred
in strata 3E and 40. These strata accounted for about 75% of the total
population estimate of nearly 900 million fish.

Size composition--Saffron cod ranged in length from 5 to 35 cm. Females
were generally larger than males, averaging 19.5 compared to 17.9 cm for
all strata combined (Figure VIII-47). Length-frequency distributions for
saffron cod included juvenile fish of undetermined sex. The inclusion
of these unsexed fish in the calculation of mean size for both sexes
combined in al 1 strata caused mean lengths to be considerably less than
those for individual sexes.

Most saffron cod found north of Bering Strait were small. Nearly all fish
in strata IN and 1S were less than 10 cm in length, while a few fish as
large as 23 cm occurred in stratum 20. In strata south of Bering Strait,
fish smaller than 10 cm were still present in appreciable numbers;
however, saffron cod as large as 25 cm were far more abundant. In stratum
~, fish from 13 to 25 cm comprised about 25% of the total estimated
population.

A general description of the distribution of saffron cod by size in rela-
t ion to geographic areas shows small (< 10 cm) fish occured throughout
the survey region. A few larger fish (10-20 cm) were found in outer
Kotzebue Sound and inner Norton Sound, while most large fish (> 20 cm)
occurred in outer Norton Sound and in Port Clarence.

Age composition--In terms of estimated numbers of fish, age groups O-2
predominated (Table VIJI-25), comprising over 96% of the estimated
standing stock in numbers for the entire survey area. Age group O fish
alone comprised 67% of the total, with most of these fish occurring in
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Norton Sound, the southeastern Chukchi Sea, and
(BLM/OCS survey, 1976).

sex and stratum in
adjacenc waters

411



strata 3E and f@. Age groups 1 and 2, accounting for nearly 25% of the
total population, also were most abundant in strata 3E and 40. All other
age groups were present in relatively small amounts throughout the survey
region.

Table VIII-25. --Population numbers (X10
5) and sex ratios (number of males/

number of females) of saffron cod by age group and stratum (BLM/OCS survey,
1976) .

@ vow o 1 2 3 4 5 6 7 8 9 10 ~ 10 All ages
Year cl.Y~s 1976 197s 1974 1973 1972 1971 1970 1969 196S 1967 1966 S196S corhincd

Strrltua

Southeastern Chukchi Sea and Xotzebue  Sound

LY 426.1 3.7(2.45) (:::7) (::;0) (M’

3s 27S.9
(2.16) (:::5) :::4)(14::0)  (W8)

26 290.1 57.2 82.7
(1.93) (3.47) (0.55)  (i:7) (%

21 61.0 1.?
(1.05) (;;~7) (;:$3) (~:$6)

.-
(:::3)

Morton Somd and Northern Bering Sea

3$1 27.0 0.3 13.3
(1/) (0.18) (::;5) (;::9) ($ (&/;

32 891.6 200.6 385.9 85.8 20.1
(2/) (5.26) (0. 95) (1.01)  (O. 75) (j; (;/;

d 3,741.1 817.2 764.1 144.0 27.1
(1.15) (1.98)  (1.18) (1.01) (1.11) (i:12) (:/;

. 4Z 296.0 111.2 67.6
(0.71)  (2.65) (1.23) (1::7) (&~5) (:;; (:/;

--

(;/;

--

0.3
(2/)

632.0
(1.13)

316.0
(4. 79)

437.0
(1.11)

67.6
(0.66)

51.0
(1.20)

1,584.6
(1.17)

5,495.4
(1.40)

487.4
(1.0?)

~ etrata 64308.9 UOO.3 IJ29.3  256.1 67.0 -- — 8,870.7
corbine  d (1.64) (2.28) (1.05) (1.03) ( 1 . 0 9 )  (:: ;0) (:$1) (:/; (y (:/; (1.34)

Proportion of total
pe~ulat  ion .677 .135 .150 .029 .008 .001 .001 T T T——

~/ Only =1C3 in cotimatc.
~1 Only fcnalcs  in estimate.

Differences in relative age composition between sexes do not appear signi-
ficant (Figure VIII-48).

Sex ratio--Estimated sex ratios (number ofmales/number of females) by
stratum and age group are presented in Table VIII-25. Males were more
abundant than females in nearly all strata although this trend was not
consistent among all age classes, especially fm those older than 2 years.

Age-1ength relationship and growth--Age and length data collected for
saffron cod were as follows:

Otolith Number of readable Range in age Range in length
Sex areas otoliths (years) (cm)

Male North 130 0=99 6-35
South 136 0-5 8-34

Female North 135 0-7 6-34
South 160 0-6 7-34
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These data are summarized in”Figure VIII-49 by plots of mean-lengths-at-
age by sex and otolith  area. Age-1ength keys for these data groupings
are presented in Appendix I and growth parameters based on this informa-
tion ire given in Tab~e VIII-26.
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Figure VIII-49. --Mean lengths-at-age and growth curves fit to the origin for
saffron cod by sex and otolith area in Norton Sound, the southeastern
Chukchi Sea, and adjacent waters (BLM/OCS  survey, 1976).

Table VIII-26. --Parameters for von Bertalanffy growth curves for saffron
cod in Norton Sound, the southeastern Chukchi Sea, and adjacent waters
(BIM/OCS  survey, 1976).

EOrtb Hales 0.5-9.5 I 2.0.3 35.83 -0.27 -0.33 I 0.87
(1.5-5.5) (10-32)

30.35 -0.42 0.18

I
0.79 31.s7 -0.36 -0.01

Females 0.s-7.5

L

1.51 37.32 -0.26
(1.3-4.5) (l&32)

4.32

J

0.99 36.26 4.36 0.34

1

0.95 43.61 -0.23 -0.01
- . - - - - - - -- - -------- - - -- . ___ ---_-- - _- - --- . -- - . -- ----- - -- ___ ___ - - - _ - - - - -
south Hales 0.5-5.5

I

2.35 -638.18 0.01 -1.23

I
0.23 30.66

(0.3-4.5) (e-30)
4.34 -0.47 I 1.2? 25.76 -0.63 -0.02

Female. 0.3-6.5
I

1.10 46.2S -0.14 -1.ss
I
0.77 102.93 4.03 -1.71 I 1.29 32.16 -0.42 0.02

(1.3-4.5) {11-33)
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Since young of the year (age group O) were present in all sets of saffron
cod age data, adjustments to ages were necessary to provide reasonable
growth curve fits for both the original data and for the selected sets
which included values at the origin of the curve (age and length H 0).
Age plus 0.5 years was used as the adjustment, since it is reasonable
to assume that at least half o$,a year’s growth had been completed by
the September-October survey date. -

In most cases, there was a reduction in the residual root mean square
deviations by using selected data and fitting the curve to the origin.
This was especially evident in fits for data from the north otolith area.
The selected sets also improved fits for the southern area data where
meaningless parameters (~> O and ~m < O) were estimated before selection.

Sex and area effects were observed within the selected data for the para-
meters ~ and ~CC. Males appeared to have substantially higher growth
completion rates (~) than females and estimates of this parameter for
either sex were considerably higher (42-45%) in the south otolith area
than in the north. Additionally, values of &~ by sex were 18-26% greater
in the north otolith area than in the south. Mean length-at-age for both
sexes in the south were greater than those for fish of similar ages in the
north otolith area but this relationship was observed only up to age 2.s
years. Beyond that age the reverse was usually observed with larger sizes
at age in the north than south.

Overall, age-length data for saffron cod suggest that males achieved
maximum size more rapidly than females while total growth was greatest for
females. By area, both sexes of saffron cod grew more in the survey region
north of Bering Strai~ although at ages less than 3.5 years, fish of
either sex in the south had larger sizes at age than in the north.

Curves describing the growth equation for selected data with a fit to
the origin are presented with observed mean lengths-at-age by area and
sex in Figure VIII-49.

Length-weight relationshipp--Table VIII-27 sunnnarizes the length-weight
observations taken for saffron cod by sex and area and gives coefficients
of the regression fit to these data. Data points representing all length-
weight observations collected for this species during the survey are shown
graphically in Figure VIII-50.

Analysis of covariance for between-area and between-sex differences in
the relationship between length and weight indicated significant levels
of variation (p < .05) in all treatments of the data. On the basis of
weights predicted by the regression coefficients, males generally weighed
slightly more at-length than females, and fish of either sex from the

~f Andriyashev (1954) i?dicated that saffron cod
in the Asian side of Bering Strait and growth
July ●

spawn during early winter
into adult forms occurs by
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north otolith area were heavier at-length than fish of corresponding
length and sex from the south. These data suggest differing stocks of
saffron cod north and south of Bering Strait, Differences in weight-at-
length, however, were on the order of 3-5%; thus, an overall length-weight
relationship for saffron cod in the survey area could be described by the
equation:

.
w = 0*O043L  3“ 1 9 2 6

where ~ equals the predicted weight in grams of a fish & cm in length.
The relationship described by this equation is shown as a solid line in
Figure VIII-50.

Table VIII-27. --Parameters for the length-weight
= a * lenghtb) for saffron cod and results from
for between-area and between-sex differences in
survey, 1976).

relationship (weight (g)
the analysis of covariance
this relationship (BLM/OCS

Number Range in
Otolith of Fish Length Parameters

Sex Area Measured (cm) a b

Males North 122 10-35 .0033 3.3018
South 128 8-30 .0045 3.1765

Females North 141 10-34 .0041 3.2071
South 151 9-32 .0032 3.2750

Pooled
F slope F intercept regression

Differences between- df F df F H& H&/ a b

Areas for males 1;246 5.20* 1;247 6.18* + + .0038 3.2425
Areas for females 2/ 1;288 2.91 1;289 11.50** - ‘+ .0036 3.2478
Areas for sexes combined– 1;561 17.1** 1;562 6.52* + + .0043 3.1926
Sexes for south area 1;275 4.11* 1;276 7.69** + + .0039 3.2218
Sexes for north area 1;259 4.58* 1;260 10.1O** + + .0038 3.2399
Sexes for areas combined 1;538 .03 1;539 17.5** - + .0038 3.2355

* Significant at the .05 level.

** Significant at the .01 level.

~/ Plus (+) indicates that the common slope (1$) hypothesis or common intercept (Ha)

hypothesis cannot be rejected on the basis of the values of F obtained.

~i Includes unsexed fish.
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Starry flounder

Distribution and abundance--Starry flounder was the second-most abundant
fish species, by weight, in the survey region. It accounted for 13% of
the total fish biomass and occurred at 47% of the stations sampled (Table
VIII-28). Largest concentrations were located in outer Norton Sound
(stratum 4!?l), the eastern portion of the northern Bering Sea (stratum 3E),
and in the southern portion of the Chukchi  Sea (stratum 1S) (Figures
VIII-51 and 52) where catch rates averaged 2.3, 1.4,and 1.5 kgflan,
respectively. Average catch rates were substantially lower in outer
Kotzebue Sound (stratum 2P) and inner Norton Sound (stratum 41), while no
catches occurred offshore in both the southeastern Chukchi Sea (stratum
lN) and northern Bering Sea (stratum 3W). Overall the mean catch rate for
the entire survey area was 0.6 kg/km trawled.

Table VIII-28 .--Estimated biomass and population size of starry flounder
in Norton Sound, the southeastern Chukchi Sea and adjacent waters (BLM/
OCS survey, 1976).

Proportion Proportion
Percent

Mean size per
lfean Estimated of total Eetimated of total individual

frequency of biosaes estimated popula ion estimated
(k~&J&/ 5

weight length
Stratum occurrence (lnt) biomass (x 10 ) population (kg) (cm)

Southeastern Chukchi Sea and Kotzebue Sound

IN 3.b 0.049 8.4 .016 167 .023 .504 32.66
2s 66.7 1.528 1,156 .214 1,185 .163 .976 40.64

Zfl 42.1 0.128 55 ,010 96 .013 .575 -
21 25.0 0.20’4 62 .012 68 .009 .90s 38.50

Norton Sound and northero Bering Sea

3?

3E 57.1 1.396 8s4 .158 1,217 .16S .703 34.8S

40 87.9 2.304 3,068 .S69” 4,067 .560 . 7ss 3S,68

41 64.7 0.209 12.2 .021 430 .063 .242 24.86

All strata
comb ined: 47 #

. 0.643 s,39C# 7,260 .745 35.67

~/ Mean catch per unit effort, kg/kxo trawled.
# Percent occurrence in 192 succesaf  u.1 hauls.
AI 9SX confidence interval: 2,9S7-7,823 mt.

Starry flounder biomass in the entire survey area was estimated at about
5,400 mt (95% confidence interval 2,957-7,823 ret). This survey region
estimate is probably fairly good, even though relatively high catch rates
occurred along the southern boundary of the study region, indicating the
probable presence of relatively large starry flounder concentrations south
of the survey boundary. This species is known to primarily inhabit shallow
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water regions during fall months (Andriyashev, 1937 and 1954), thus depths
trawled within the survey region provided adequate depth coverage for
September-October. Of the starry flounder population in the survey area,
the greatest portion of apparent biomass (approximately 57%) was located
in stratum 4Q , with another 37% in strata 1S and 3E, combined. Most of
the remaining 6% of the estimated biomass was found in the nearshore
strata 213, 21,and 41.

The relative distribution of estimated numbers did not substantially
differ from apparent biomass. Strata 49, 3E and 1S to~ether contained an
estimated 6.4 million fish or about 89% of the total survey area
population estimate. Stratum 41 contained a further 6% of the total
population estimate which was slightly less than 7.3 million fish for all
subareas combined.

Size composition, mean length and weight-- Starry flounder caught during
the survey ranged in length from 15 to 63 cm. Fmles were substantially
larger than males, averaging 39.3 cm compared to 31.4 cm for all strata
combined,(Figure VIII-53).

Length-frequency distributions for starry flounder suggest that average
size and differences in size composition by sex varied within the survey
region. In stratum 41, the only inshore area where relatively substantial
numbers were encountered, mean size by sex was very similar and the
overall average length was 24.9 an. The average size of fish exceeded
32 cm in all other strata and differences in size between sexes were quite
large.

In general, starry flounder larger than 40 cm were found mostly in
1S and 40 in the southern portion of the Chukchi Sea and in outer
Sound. Intermediate-size fish (30-40 cm) were located in stratum
adjacent stratum 3E while fish smaller than 30 cm were present
shallow, more nearshore strata 4(J and 41.

The average weight of starry flounder was 0.75 kg, largest for

strata
Norton
4@ and
in the

any of
the fish ‘species encountered during the survey. Although several other
fish species had estimated population numbers which greatly exceeded that
for starry flounder, the large weight and size of this species provided
an estimated biomass which was far greater than that for other more
numerous fish.

Age composition--Differences in relative age composition by sex and
stratum are shown in Figure VIII-54. Ages ranged 5 to 21 years. In terms
of absolute numbers, age groups 14 and 15 somewhat predominated (Table
VIII-29).

Few young fish were found north of Bering Strait. In strata lN, 1S, 2?,
and 21, only about 11% of the estimated starry flounder population was
less than 12 years of age. South of Bering Strait, the proportion of
younger fish was much higher. For strata 3E and 4(3, 24% of the standing
stock estimate was younger than age 12, while in stratum 41, these younger
fish comprised over 42% @f the apparent population.
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Table VIII-29 .--Population numbers (X104) and sex ratios of starry flounder
by age group and stratum (BI.M/OCS survey, 1976).

c group 5 7 8 9 10 12
19:0

13 16
1;:5

17 >18 .U1 eeemar c108s 1971 1969 1968 1961 1966 1964 1963 1;:2 1;1 1960 1959 1::s <19s  7 combined

ratu

Southemtem  C2mkchi  SeII md Kotzebu Somd

lti - - -  - 0,3 - -
Ql) (::;0)  (:/; (;::0)  (:::0)  ~ti) (:::0)  - - (M)

3s’ - - -  - &3 0.2
(0.23) Q/) (;;! (;:;8)  (;:~S) ;&~6)  ti:i4) (:::3)  (;;: (:::4)  (::::)

26 - - -  - - - 0.9 0.9 - - - - -  -
Q/) Ql) (y (:;:

22 - - -  - - -  - - - 1.? 0.9 - 3.4 -
Q/) Ql) (2/) (:;; ($;

Nmtm Sa~d und Northern Bering Sea

w - - -  - - -  - - - -  - - -  - - -

3s 2.9 1.7 10.1 0.9
(1/) (% (%3) ti:.h ti:~3) & ;:f6) (~;t

6.3 97.7
(0.89) (1.24) Q/) (1. 33) (i;? (~:18) (2.02)

46 6.7
(;;; i;;

M. o 22.4 19.2 31.4
Q/)

41.5
(2?3) ::::6)  (j: (22.91) (0.81) (0.16) (0.45) (O. 781 (ijf

19.2
(0.52) (;;? ;:;2) 2&i8)

41 0.2 - 5.2 1. b 0.1 - --
$;; ;;; - tl; (&I) (An (0.27) (;: h (ji

17.6
(g) (j; (7.00)

—

1 strata 24.3 U. 8 33.8
hined (Y Q/) (g (6.90) (0.43) & (:% &.t6) :&~3) kh %;9) (f/j

36.8 23.4 623.1
(o. 47) &; (0.34) (0.90)

oportfon o f

td population .017 .057 .020 .028 .Ow .004 .089 .096 .098 .169 .169 .022 .087 .014 .060

only males  in estimate.
0n2y feadem in estiaata.

Sex ratio--Estimated sex ratios (number ofmales/number of females) by
stratum and age group are presented in Table VIII-29. There appeared to be
more females than males in the area of greatest abundance (stratum 4(J)
although this situation was not consistent for age groups younger than 11
years. For all strata combined, males were generally more abundant than
females for age groups younger than 12 years while in older age groups,
the opposite was observed.

Age-lennth relationship and growth--Age-l$ngth data collected for starry
flounder were as follows:

Number of readable
Sex otoliths

Male 61

Female 24

No age-length information
this species. Plots of mean

Range in age “ Range in length
(years) (cm)

5-20 24-44

7-21 25-53

was obtained from the north otolith area for
lengths-at-age by sex are presented in Figure

VIII-55- and age-length keys for the data groupings are given in Appen-
dix 1. Growth parameters by sex are presented in Table VIII-30.

Since few age-length samples were obtained for starry flounder, only two
growth curves were fitted: one to the original data andthe other with
~he original data fit’ to the origin. Fitting curves to the origin did
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Figure VIII-55. --Mean lengths-at-age and growth curves fit to the origin
for starry flounder in Norton Sound, the southeastern Chukchi Sea, and
adjacent waters (BLM/OCS survey, 1976).

Table VIII-30. --Parameters for von Bertalanffy growth curves for
starry flounder in Norton Sound, the southeastern Chukchi Sea and
adjacent waters (BLM/OCS survey, 1976).

Original data set Originsl data uith  origtn

Sex 6 Lo K to (5 L= K to

Males 2.70 29.34 -1.15 3.61 2.35 29.25 - 0 .37 0.02

Females 2.88 38.21 -O*39 b.2g
I

3.69 39.42 -0.15 -0.45

Male starry flounder appear to have a more rapid growth than females and
achieve maximum size at an earlier age. The value of ~ for males was more
than twice that of females while ~OD differed between sexes by about 25%.
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Length-wei~ht relationship--Table VIII-31 summarizes the length-weight
relationships, along with corresponding regression coefficients, for
starry flounder by sex. Data points representing all length-weight
observations are shown graphically in Figure VIII-56.

Table VIII-31 .--Parameters for the length-weight relationship (weight (g)
= a ● lengthb)  for starry flounder and results of the analysis of co-
variance for between-sex differences in this relationship (BLM/OCS
survey, 1976).

Number Range in
Otolith of Fish L e n g t h Parameters

Sex Area Measured (cm) a b

Males North 1 25 ---—- ------
South 77 24-44 0.0094 3.0981

Females North 6 32-48 ---.-- ------
South 31 31-52 0.0037 3.3700

Pooled
F slope F intercept regression

Differences between- df F df F 11# H~/ a b

Saxes for areas combined 1;111 2.30 1;112 2.09 0.0045 3.3149

PIUS (+) indicates that the common slope (~) hypothesis or

hypothesis cannot be rejected on the basis i5f the values of
common intercept (Ha)
F obtained.

Since few length-weight observations were obtained for starry flounder
in the north ‘otolith area, between-area differences were not tested and
an analysis of covariance  for between-sex differences failed to indicate
significant levels of variation (p <.05). The overall length-weight rela-
tionship for starry flounder, sexes combined, was described by the
equation:

3.3149
c= 0.0045!L

where ~ equals the predicted weight in grams of a fish g cm in length.
The relationship described by this equation is shown as= solid line in
Figure VIII-56.

,.
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and otolith area in Norton Sound, the southeastern Chukchi Sea and
adjacent waters (BLM/OCS survey, 1976).
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Shorthorn sculpin

Distribution and abundance---Although not identified as one of the princi-
pal demersal species in the survey region, shorthorn sculpin was the
third-most abundant fish species encountered. It comprised 9% of the total
fish biomass and occurred at over 55% of all stations sampled (Table
VIII-32). Largest concentrations of shorthorn sculpin were located in the
northern Bering Sea (strata 3W and 3E), where stratum catch rates averaged
1.5 and 0.6 kg/km (Figures VIII-57 and 58). Other regions where concentra-
tions occurred included the northwest portion of outer Norton Sound (a
portion of stratum 4@) and the southeastern Chukchi Sea (stratum 1S)
slightly north of Bering Strait, where depths exceeded 25 m. Average catch
rates decreased markedly in inner Norton Sound (stratum 41)1 Kotzebue
Sound (strata 21 and 20), and in the northern portion of the southeastern
Chukchi Sea (stratum lN). The overall mean catch rate for the entire
survey area was 0.5 kg/km trawled.

Table VIII-32---Estimated biomass and population size of shorthorn sculpin
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

Proportion Proportion Mean size per
Percent Mean Estimated of total Estimated of total individual

frequency of biomass estimated population eetimated
(k$~J&/

weight length
Stratum occurrence (l%t) blomsss (x 103) population (kg) (cm)

Southeastern Chukchi Sea and Kotzebue  Sound

2!? 44.8 0.115 196 .045 10,462 .317 .019 -
M 66*7 o* 304 230 .053 6,317 .191 .036 -
20 47.4 0.034 Is .003 28S .009 .051 -
21 12.s 0.001 t t 22 t

Norton Sound and northern Bering Sea

3W 96.9 1.511 3,2S9 .752 10,945 .331 .301 -
3s 92.9 0.s74 352 . 0s0 3,372 ,102 .104 -
46 4s. 3 0.215 287 .066 1,625 .049 .177 -
41 5.9 0.002 1 t 6 t

All strata
combined: 55.2~i 0.522 4,37& 33,025 .133 -

~/ Mean catch per unit effort, kg/km trawled.
~f Percent occurrence in 192 successful hauls.
~/ 95% confidence interval: 2,922-S, S19 mt.

The apparent biomass of shorthorn sculpin in the 1976 baseline survey
area was estimated at about 4,300mt (95% confidence interval 2,922 -
5,819 ret). Little is known concerning the extent of vertical distribution
of this species, but in,general, cottids are described as bottom-dwelling
species (Hart, 1973)9 thus indicating that the biomass estimate was fairly
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Figure VIII-57 .--Distribution and relative abundance by weight of short-
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good for the survey area. A problem concerning biomass, however, might
result from the fact that this species showed a definite preference for
deeper waters ( J25m) especially in the northern Bering Sea portion of
the survey area. Mu~h of the westernmost part of stratum 3W was deeper
than 25m but had rough untrawlable bottom and catches could not be
obtained from most of the stations in this region.

For the population encountered, over Ts~o of the apparent biomass of short-
horn sculpin was located in stratum 3W. A further 15% was located in
adjacent stratum 3E and stratum 40, while nearly 10% occurred in strata IN
and 1S combined. Only trace amounts were found in strata 2P, 2~ and 41
where bottom depths were quite shallow (<25m).

Relative distribution of estimated numbers differed from apparent biomass.
Strata lN and 1S in the southeastern Chukchi Sea together contained only
10% of the estimated biomass; however, over 50% of the survey population
estimate occurred in this region. Most of the remaining portion of
estimated population (43%) was located in strata 3E and 3W where the
greatest biomass occurred. Bering Strait appeared to separate the short-
horn sculpin population by weight. The average weight of fish north of
Bering Strait was only 25 gm, while to the south the average weight per
individual exceeded 246 gm. The overall average weight of shorthorn
sculpin was 133 gm.
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Pacific herring

Distribution and relative abundance--Pacific herring occurred at 50% of
the stations sampled (Table VIII-33) and accounted for about 6% of the
apparent biomass for all fish combined. The main concentration of this
species was found in outer Kotzebue Sound (stratum 20) (Figures VIII-59
and 60) where the average catch rate was 3.1 kg/km trawled. Average catch
rates decreased to about 0.5 kg/km along the northern shore of the Seward
Peninsula (stratum 1S) and in the eastern portion of the northern Bering
Sea (stratum 3E). In the remaining strata, catch rates were very 10W,
especially in the inner portions of Norton and Kotzebue sounds (strata
41 and 21) and in the western portion of the northern Bering Sea (stratum
3W). The overall mean catch rate for the entire survey area was 0.3 kg/km
trawled.

Table VIII-33 .--Estimated biomass and population size of Pacific herring
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976)..

Proportion Proportion !4esn size per
Percent Meso Estimated of total Estimated of total individual

frequency of biomsss estimated popula ion estimated weight
(k$~)~! ~

length
“Strzstum occurrence (n’t) biomass (x 10 ) population (k:) (cm)

Southeastern Chukchi Sea and Kotzcbue  Sound

M 24.1 0.150 255

28 73.3 0.4?2 357

20 94.7 3.099 1,331

21 25.0 0,048 15

Norton Sound and northern Bering Sea

w 21.9 0.048 105

3E 78.6 0.424 259

69 60.3 0.123 164

41 23-5 0.008 4

.102

.143

.534

@06

.042

.104

.066

.002

2,832

4,376

14,902

133

1,125

3,549

3,468

74

.093

.144

.489

.004

.037

.117

.214

.002

.090

.082

,089

.221

.093

.073

.047

.060

19.02

18.66

18.88

19.43

19.25

17.72

15.05

All strata
combined: ~9e#/ 0.297 2,491Z1 30,458 .080 18.31

~/ Nean catch per unit effort, kg/km trawled.
~/ Percent occurrence in 192 successful hauls.
~f 95% confidence limits: 1,072-3,910.

The apparent biomass of Pacific herring in the survey region was estimated
at 2,500 mt (95% confidence interval 1,000-3,900 ret), which is a minimum
estimate for the entire survey area. Pacific herring are primarily pelagic
and substantial portions of the population probably occupied the water
column above the sampling gear. Thus, the demersal  trawl gear only sampled
some portion of the popu’1.ation. Additionally, dense concentrations of this
species have been known to occur in Norton Sound during late spring. For.
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several years, Japanese gillnet fleets fished this region after the spring
breakup when herring formed dense spawning schools. A survey of this
region during an earlier time of the year may have produced substantially
different population estimates.

For the Pacific herring population sampl~d, over half (53%) of the esti-
mated biomass was located in stratum 20. Most of the rmaining  biomass
was fairly evenly distributed throughout most of the remaining survey
region in strata 1S, lN, 3W, 3E, and 40. The shallow inshore waters of
strata 21 and 41 contained only trace amounts of Pacific herring.

Relative distribution of estimated numbers did not appreciably differ
from apparent biomass. Stratum 20 contained 15 million fish or approxi-
mately 50% “of the total survey area estimate of 30 million Pacific
herring. Strata lN, 1S, 3w, and 4(3 each contained from 9 to 11% of the
total estimate while strata 21 and 41 together accounted for less than 1%
of the estimated standing stock in numbers.

Size composition, mean length and weight--Pacific herring caught during
the survey ranged in length from 5 to 28 cm. Females generally were
slightly larger than males, averaging 18.7 cm compared to 18.5 cm for all
strata combined (Figure VIII-61). Length-frequency distributions for
Pacific herring included observations on juvenile fish(which were not
sexed) in the distributions for sexes combined. The inclusion of these
unsexed fish in the calculation of mean size for sexes combined in stratum
4g caused the overall mean length in this stratum to be noticeably less
than those for individual sexes. Small fish ( <11 cm) were found onlY in
stratum 40 where they comprised 30% of the total fish estimated. Overall.
fish less than 11 ~ accounted for only 3% of
numbers, 12-20 cm fish accounted for 83%,
comprised 14% of the estimated population.

Overall, mean weight of Pacific herring was
region. Fish in those strata north of Bering

the population estimate in
and fish larger than 20 cm

80 gm in the entire survey
Strait averaged between 82

an~ 111 gins. Fish in 3W and 3E in th~ northern Bering S~a averaged 93
and 73 gins, respectively, while Pacific herring in Norton Sound had the
smallest average weights. Fish in strata 40 and 41 (Norton Sound) averaged
47 and 60 gm, respectively.

Ape composition--Differences in relative age composition by sex and
stratum are shown in Figure VIII-62. In terms of absolute numbers, age
groups 2 through 4 predominated (Table VIII-34). These age groups were
prevalent in nearly all strata with older-aged fish more numerous in the
strata north of Bering Strait and younger ages to the south. Stratum 40
was the only region where age group O fish occurred.

Sex ratio--Estimated sex ratios (number ofmales/number  of females) by
stratum and age group are presented in Table VIII-34. There appeared to be
more females than males in strata north of Bering Strait, while to the
south, males were more abundant than females. This trend, however, was not
consistent for all age classes.
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Table VIII-34 .--Population numbers (X10
4) and sex ratio of Pacific herring

by age group and stratum (BLM/OCS survey, 1976).

Age group o 1 2 3 4 5 6 7 9 10 ~ 10 All ages
Yem class 19 T6 1975 1974 1973 1972 1971 1970 1969 19i8 1967 1966 S196S combined

Stratum

Southeastern Chukchi Sea and Kotzebue  Sound

2N — . 26.9
(1.56)

69.1 152.4 29.7
(1.66) (0.42) (o. 73) (:::7) (::!7)

.-

--

--

--

--

.-

--

283.3
(0. 71)

43?.8
(0.92)

1,490.2
{0.96)

13.6
(0.64)

112.5
(1.29)

354.7
(1.10)

346.6
(1.25)

(:;;

2s -. - 65.5
(1.85)

123.2 217.7
(1. 73) (0.53) ::::3) (:::0) (ti;

26 10.5 240.1
(0. 46) (1. 58)

345.3 6S3.5 151.4 39.3 15.6
(2. 39) (0.59) (0.69) (O. 49) (1.84)

4.5
(~/)

—-
(1::;0)

~orton  Sound and Northern Bering Sea

37 — . 32.6
(0.15)

36.3
(3. 43)

37.1
(2.17)

3E 148.2
J; (o. 22)

129.7
(2. 74)

59.1
(5.29)

d 84.5 29.0 84.8
(2/) (4.47) (0.42)

104.4
(2.75)

39.6
(1.15)

4X” - - --

All strata 84.5 4s.1 600.4 810.4 ~202. o 211.5 65.2 22.0 5.1 -- -- -
combined (1/) (1. 91) (o. 79)

3,046.2
(2.31) (0.66) (0.74) (0.76) (1.65) (2/) (0.98)

Proportion of total
population 0.63 .033 .197 .266 .395 .069 .021 .007 .004 - -- --

~1 Qoly males in estimate.
&/ Only females in estimate.

A~e-length relationship and growth--Age and length data collected
Pacific herring were as follows:

for

Otolith Number of readable Range in age Range in length
Sex area otoliths (years) ( c m )

Male North 85 1-7 13-28
South 66 0-7 8-29

Female North 65 1-8 14-26
South 58 0-7 9-26

These data are summarized in Figure VIII-63 by plots of mean lengths-st-
age by sex and otolith area with estimated growth curves for each data
group. Age-length keys for these data groupings are presented in Appendix
I and growth parameters based on this information are given in Table VIII-
35*
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for Pacific herring by sex and otolith area in Norton Sound, the south-
eastern Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

Table VIII-35 .--Parameters for von Bertalanffy  growth curves for Pacific
herring in Norton Sound, the southeastern Chukchi Sea, and adjacent waters
(values in parentheses are ranges for selected ages and lengths) (BLM/OCS
survey, 1976).

%mge in age
and length of
a n a l y z e d  IlltLl

OtoIith agc lmgch
areas Sex (yr) (cm)

North Mles 1.5-7.5
( 2 . 5 - 7 . 5 )  (M-28)

Females  1 .5 -8 .5
(2.5-8.5) (1s-25)

- - - -  - - - -  - - - -  - - - -  _ _ _
South Males 0.5-7.5

(2 .5 -4 .5 )  (14 -29 )

F&d.ss  0 . > 7 . 5
(2.5-4.5, (14-26)
1.5)

OriKinal dots ● et Selected data

6 L K to 6 & K to

0.63 25.58 -0.29 -0.91 0.67 26..49 -0.24 -1.45

0.86 27.76 -0.19 -2.04 0.99 26.42 -0.25 -1.07

. - — _  - - - - -  _ _ _ _ _ _  - - - , _ _ _ _  _ _ _ _  _ _ _ _ _ _ _  _ _
1,55 22.77 -0.45 -0.47 ~1 y y AI

2.38 23.9.4 -0.62 0.37 1.61 31.80 -0.17 -1.88

Selected data tith origin

6 Lo K to

0.89 23.93 -0.45 0.02

1.18 2h .59 -o. &l 0.02

----- -—--_— -----
1.01 19.66 -0.70 0.01

1.67 26.95 -0.40 0.04

~/ Insufficient data points  for calculating parameters.
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Since young of the year (age group O) were present in some of the Pacific
herring age data sets, adjustments to ages were necessary to provide rea-
sonable fits for both the original data and for the selected sets which
included values for the origin of the curve (age and length = O). Age
plus 0.5 years was used as the adjustment since it is reasonable to assume
that at least half of a yearts growth had been achieved by the September-
October survey date.

Selection of data to eliminate age groups with few ( < 5) observations
and fitting the curve to the origin did not greatly reduce the root mean
square deviations (~) or substantially change values for &oD . However,
it did greatly affect estimates of ~ and~o , resulting in reasonable
values for these parameters. Differences in all growth curve parameters
between the data sets usually were small. Large differences in ~ and Am
were observed in one instance, but the extremely high growth completion
rate (~) for south males (0.78 compared to 0.40-0.45 for all other sets)
and relatively Iow&m probably resulted from an insufficient set of data
points for proper fitting of the curve (Figure VIII-63). Overall,
differences in growth between areas and sexes did not appear to be
significant.

Length-weight relationship--Table VIII-36 summarizes’ the length-weight
observations taken for Pacific herring by sex and otolith area and gives
coefficients of regression lines fit to these data. Data points repre-
sent ing all length-weight observations collected for this species during
the survey are shown graphically in Figure VIII-64.

Analysis of covariance for between-area or between-sex differences in
the relationship between length and weight indicated significant levels
of variation (p<.05) in three treatments of the data: the comparison
of between-sex in the south otolith area, between sexes for areas
combined~ and between areas for sexes combined.

Significant differences between sexes for the combined otolith areas pro-
bably resulted from length-weight differences for males and females in
the south otolith area, South area differences may have been influenced
by observations of only females at lengths less than 13 cm.

On the basis of weights predicted by the regression coefficients, male
Pacific herring generally weighed more at-length than females; however,
in the south otolith area this relationship was true only up to lengths
of about 21 cm. Above that length females weighed more than males.
Between- sex differences in length-weight were quite large (>1O%) for
fish less than 15 cm in length, especially in the south otolith  area, but
differences for fish larger than 15 cm were usually on the order of O-5%
(fish larger than 15 cm comprised most of the entire estimated popula-
tion). In general, an overall length-weight relationship for Pacific
herring in the survey region was described by the equation:

.; = 0.01101 3“0256

where ~ equals
The relationship
Figure VIII-64.

the predicted weight in grams of a fish R cm in length.
described by this equation is shown as; solid line in
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Table VIII-36. --Parameters for the length-weight relationship (weight (g)
= a ” lengthb)  for Pacific herring and results from the analysis of co-
variance for between-area and between-sex differences in this relationship
(BLM/OCS survey, 1976).

Range in
Otolith of Fish Length

sex Area Measured (cm)
Parameters

a b

Males North 38 12-26 ,01630 2.9033
South 77 13425 .01297 2.9719

Females North 38 15-25 ,0255 2.7410
South 42 9-23 ● 0053 3.2669

Pooled
F slope F intercept regression

Differences between- df F df F ~~[ H# a b

Areas for males 1;184 .28 1;185  1.99 - - ,0135 2,9611
Areas for females 2/ 1;163 14.9** 1;164 .95 + - .0081 3,1240
Areas for sexes cornbined– 1;355 8.09** 1;356 2.08 + - ,0110 3,0256
Sexes for south area 1;181 7.97** 1;182 5.63 + + .0084 3.1148
Sexes for north area 1;166 1.03 1;167  3.72 - - .0201  2 . 8 1 7 3
Sexes for areas combined 1;351 3.48 1;352 10.1** - + .0107 3,0356

Significant at the .05 level.

Significant at the .01 level.

PIUS (+) indicates that the conmnon  slope (F$) hypothesis or common intercept (Ha)

hypothesis cannot be rejected on the basis of the values of F obtained.

Includes unsexed fish.

441



4

225

200

175

I 50

G
g 125
u
1-
Z
g

~ Ioc

7;

5(

2!

(

PACIFIC HERRING

NORTH
MALE V
FEMALE X

SOUTH
MALE O
FEMALE D

6)= .0110 Q3”026

(FOR sExEs COMBINEO)
w

4

v

*

~v

)

$

3

/
+

F

5 10 15 20 25

LENGTH (d

??igure VII1-64. .-weightat--length  observations for Pacific herring by sex
and otolith  area in Norton Sound, the southeastern Chukchi Sea and
adjacent waters (BLM/OCS survey, 1976).

442



Toothed (rainbow) smelt

Distribution and abundance--Toothed smelt was the fifth-most abundant
fish species encountered in the survey area and occurred at over 67% of
all stations sampled (Table VIII-37). It accounted for slightly less than
5% of the total apparent biomass for all fish fauna combined. Two
concentrations of this species were located in the survey region, in outer
Kotzebue Sound (stratum 20) and in the northern Bering Sea (stratum 3E)
(Figures vIII-65 and 66) where average catch rates were 1.4 and l.Okg/km,
respectively, Average catch rates decreased in outer Norton Sound (stratum
49), along the north coast of the Seward Peninsula (stratum 1S), and in
inner Kotzebue Sound (stratum 21), to between 0.1 and 0.2 kg/km. Catch
rates were very low in inner Norton Sound (stratum 41) and in the offshore
deeper-water portions of the southeastern Chukchi Sea and northern Bering
Sea (strata lN and 3W, respectively). The overall mean catch rate for the
survey was 0.2 kgflun trawled.

Table VIII-37. --Estimated biomass and population size of toothed smelt in
Norton Sound, the southeastern Chukchi  Sea and adjacent waters (BLM/OCS
survey, 1976).

Proportion Proportion lhan size per
Percent 14esn Estimated of total Estims ted of total individual

frequency of biomass estimated
Stratum

popula ion estimated
(k~&~/ 5

weight length
occurrence (ret) biomnes (x 10 ) population (kg) (cm)

Southeastern Chukchi  Sea and Kotzebue Sound

IN 24.1 0.085 M5 .075 3,540 .047 .041

1s 73.3 0.127 96 .050 1,699 .023

20 100.0 1.375 591 .30s 25,762 .344 .023

21 62.S 0.123 37 .019 1,082 .014

Norton sound and norchem  Bering Sea

w 28.1 0.053 227 .060 3,533 .067 .033
32 85.7 0.981 601 .310 23,925 .319 .025
6$ 93.1 0.227 303 .256 13,001 .llb .023
41 70.6 0.090 48 .025 2,.340 .031 .021

16.87

16.12

13.77

15.13

17.71

16.80

14.11

13.40

All Strnta
tomb ined: 67. # 0.231 l,93& 74,874 .026 15.12

~/ Mean catch per unit effort, kg/km trawled.
~1 Percent occurrence in 192 successful hauls.
~~ 95% confidence interval: 1,134-2,742 mt.

The apparent biomass-of toothed smelt in our survey region was estimated
at slightly less than 2,000 mt (95% confidence interval 1,134-2,742 ret).
This is probably a minimum estimate for the survey region, since this
species is pelagic and some unknown proportion of the population occupied
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the water column above the sampling gear, thus being unavailable to the
trawl. In addition, toothed smelt are anadromous,  spawning in rivers from
February to June (McAlister, 1963). Some other proportion of the popula-
tion may have been located in the more nearshore estuarine and freshwater
regions than covered by the survey, For the population sampled, however,
the major portion of the estimated biomass (approximately 78%) was located
in strata 29, 3E, and 4(3, mainly between the 20 and 30 m isobaths. Of
the remaining amount, 8% of the total was located in stratum lN, 6% in
stratum 3W, and 5% in stratum 1S. The estimated biomass for strata 21 and
ftI together comprised less than 5% of the total.

The relative distribution of estimated numbers of fish did not substan-
tially differ from apparent biomass. Strata 20, 3E, and 40 combined
contained an estimated 62.7 million fish which was about 84% of the total
population estimate for the entire survey area. Another 5% occurred in
strata lN and 3W. The total population estimate for all strata combined
was slightly less than 75 million fish.

Size composition. mean length and weight--Toothed smelt caught during the
survey ranged in length from 7 to 36 cm. Females generally were larger
than males, averaging 15.7 cm compared to 14.7 cm for all strata combined
(Figure VIII-67).

Length frequency distributions did not indicate major differences in rela-
t ive size composition between sexes for any of the strata. Fish less than
20 cm comprised nearly the entire population in most strata, although
appreciable numbers of large (>20 cm) individuals  Occurred  in stratum

3E. Large fish accounted for 20% of the population in stratum 3E and 6%
of the overall population estimate. Generally, the average size of toothed
smelt was less in the shallow and near-shore strata than in deeper off-.
shore regions.

Age composition--Differences in relative age composition by sex and
subarea are shown in Figure VIII-68. In terms of absolute numbers, age
groups 4 and 5 predominated (Table VIII-38) with these age groups
representing about 64% of the total estimated population. Age groups 3, 6,
and 7 were also present in substantial numbers, together accounting for
most of the remaining population. Although age groups 4 and 5 were main
components of age composition in nearly all strata, 5 and 6 year-old fish
comprised much of the toothed smelt populations in the offshore strata (1N
and 3W) and age group 3 fish were the dominant segment of fish present in
outer Kotzebue Sound (stratum 20).

Sex ratio--Estimated sex ratios (number ofmales/number of females) by
stratum and age group are presented in Table VIII-38. Males appeared to be
more abundant than females in nearly all strata and age groups except in
stratum 3W where the opposite was observed. Overall, males outnumbered
females by nearly 70%.’
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Table VIII-38 .--Population numbers (X10
5) and sex ratios of toothed smelt

by age group and stratum (BLM/GCS  survey, 1976).

be group o 1 2 3 4 5 6 7 8 9 10 >10 All a~e~
Year clas9 1976 197s 1974 1973 1972 1971 1970 1969 1968 1967 1966 slg6S cotiined
Stratum

Southeastern Chukchi Sea and Kotzebue Sound

IN .- --
(i: ;0) (1:: :6)

28 — 1.0
(1/) (;:;6)

2P 102.2 39.6
(;;; (1. 42) (3.89)

21
(:/; (;:;9) (;:~6)

Norteo Sound arid !?orthem Bering Sea

#
(:: L) (:: ;1)

32
(:/; (:: :3) l:;::O)

44
(:::8) ::::0) Ns)

41
(ib) (?:;8) ;;:;8)

10.3 13.2 6.9
(1.27) (0.88) (1.10)

(;::7) (;::2) (::15)

49.0 .46.9 15.6
(2.43) (2.77) (2.96)

3.3
(1. 14) (;:;2)  (;:!6)

11.4
(0,98)

63.1
(3.23)

30,3
(2.04)

25.8 8.9
(1.73) (0.55)

(;::6) (%)

(:::9) (:::2)

1.2
(y)

(::15)

3.7
(g)

0.4
(4/)

1.0
(~1)

(;:;8)

0.5
(2/)

0.1
(2/)

Q. .4
(1/ )
1.6
(4/ )

0.7
Ql)

--

--

2.5
(2/)

1.0

--

--

-- --

--

35.4
(1.27)

17.0
(2.39)

257.5
(2.19)

10..9
(1.26)

35.3
(0.91)

355.4
(1.67)

122.7
(1.44)

23.4
(1.17)

M1 etrata -- -- 176.6 103.3 41.7
(:::9) 1:::7) 2:%

11.0 . . 657.8
combined (2.20) (1.82) (1.44) (2.67) (& (1.69)

Proportion of total
population ‘- — .010 .198 .367 .268 .257 .063 .017 .009 — —

~f Cnly males in astimete.

~f Only  females  i n  estfmete.

Age-length relationship and growth--Age and length
toothed smelt were as follows:

Otolith Number of readable Range in age
Sex area otoliths (years)

Male North 53 3-9
South 76 2-8

Female North 45 2-8
South 74 2-9

data collected for

Range in length
(cm)

10-23
8-23

8-25
9-26

These data are summarized in Figure VIII-69 by plots of mean lengths-st-
age by sex and otolith area with estimated growth curves for each data
group. Age-length keys for these data groupings are presented in Appendix
I and growth parameters based on this information are given in Table
VIII-39*
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Table VIII-39 .--Parameters for von Bertalanffy growth curves for toothed
smelt in Norton Sound, the southeastern Chukchi Sea, and adjacent waters
(BLM/OCS survey, 1976).

NIIIIKC  in age
mad Ienflth of

_a@yzed data—.. .—
Llch age length
M* sex ( y r ) (cm)

th Uales
(G (10-20)

Fades (::!) (8-23)
- - - - -  - -  - -  .  - - - - - - -  -
ch !lalcs

(H) (9-22)

Faalea (H) (9-23)

Original data set Selected data

6 & K to b k K co

0.49 43.05 -0.06 -1.84 0.44 22. 2a -0.22 -0.15

1.09 -12.72 0.09 -3.50 0.48 29.45 -0.14 -0.50

1
- - - - - - -. - - - - - - - - - - - -- - - - - - - - -- - - -
0 .3Z -13.23 0.08 -5.00 0.2s -57.06 0.03 -2.31

1.92 33.36 -o. 1s
I

0.15 0.89 37.61 -0.11 -0.44

Selected data with origin

6 La x co

0.36 21.60 -0.  Z4 0.01

0.50 24.66 - 0 . 2 1  0 . 0 4

,  -  - - - -  - -  - - - -  -  - - - -
0 .S6 37.92 -0.11 0.08

0.96 29.61 -0.18 0.06

450



Selection of data to eliminate age groups with few ( < 5) observations
and fitting the curve to the origin reduced the root mean square
deviations(d),especially for female groupings in both otolith areas. The
selected sets also improved curve fits for south males and north females,
where meaningless parameters (~> O and ~m < ()) were determined in the
original data sets. Sex effects varied by area. In the north otolith area,
the estimates of ~~ for females was higher than for males but in the
south otolith region, the opposite was observed. Estimates of ~ varied as
well. Female toothed smelt in the south otolith area had a higher growth
completion rate (~) than males, but in the north, again the reverse was
observed.

In general, growth of toothed melt appears to differ significantly by
areae For both sexes, largest mean lengths-at-age, highest estimates for
&CO and lowest values for & occurred in the south otolith area. This
suggests that toothed smelt south of Bering Strait achieve their maximum
size at a slower rate than fish to the north although the maximum size in
the south exceeds that for fish in the north.

Length-weight relationships--Table VIII-40 summarizes length-weight ob-
servations taken for toothed smelt by sex and otolith  area and gives
coefficients of the regression lines fit to these data. Data points
representing all length-weight observations from these data are shown
graphically in Figure VIII-70.

Table VIII-40. --Parameters for the length-weight relationship (weight (g)
= a“ lenghtb) for toothed smelt and results from the analysis of co-
variance for between-area and between-sex differences in this relation-
ship (BLM/OCS survey, 1976).

Number Range in
Otolith of Fish Length Parameters

sex Area Measured (cm) a b

Males North 49 11-22 ,0015 3,5460
South 100 8-23 .0007 3.8543

Females North 31 14-21 .0054 3.0925
South 89 4-26 .0006 3.8761

Pooled
F slope F intercept regression

Differences between- df F df F H.& H&/ a b

Areas for males 1;145 4.07* 1;146 1.64 + - .0008 3.7996
Areas for females 1;116 7.59** l;l17 .18 + - .0007 3.8314
Areas for sexes combined 1;265 9.07** 1;266 .85 + - .0008 3.7933
Sexes for south area 1;185 .06 1;186 7.60** - + .0007 3,8396
Sexes for north area 1;76 3.84 1;77 .47 - - .0020 3.4424
Sexes for areas combined 1;265 .16 1;266 7.78** - + .0008 3.7933

* Significant at the .05 level.

** Significant at the .01 lev’el.

~t Plus (~) indicates that the common slope (Hb) hypothesis or common intercept (Ra)
hypothesis cannot be rejected on the basis of the values of F obtained.
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Analysis of covariance for between-area or between-sex differences in
the relationships between length and weight indicated significant levels
of variation (p ‘.0s) in all treatments of the data, with the exception
of between-sex differences in the north otolith area. On the basis of
weights predicted by the regression coefficients, males were slightly
heavier at-length than females in both otolith areas. Fish of either sex
from the north otolith area weighed more at-length than fish of a corre-
sponding length and sex in the south otolith area, but only up to lengths
of about 15 cm. Above that size, fish from the south area were heavier
than fish from the north. For sizes less than about 11 cm and greater
than 20 cm, length-weight differences between sexes and areas were quite
large (’10%). Differences for the 11-20 cm size range were on the order
of 3-7%. Although toothed smelt from the two otolith areas appeared to
have different weights-at-length, a general overall relationship for the
entire survey region was described by the equation:

G =  0.0008fl  3“ 7 9 3 3

where ~ equals the predicted weight in grams of a fish g ~ in length.
The relationship described by this equation is shown as= solid line in
Figure VIII-70.
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Alaska plaice

Distribution and abundance--Alaska plaice occurred at over 66% of the
stations sampled (Table VIII-41) and accounted for about 3.5% of the total
apparent fish biomass. No large large concentrations of this species were
found in the survey area (Figures VIII-71 and 72}; however, highest
average catch rates occurred along the north coast of the Seward Peninsula
(stratum 1S) and in outer Norton Sound (stratum 40) where Alaska plaice
were caught at the average rates of 0.3 and 0.4 kg/km, respectively.
Average catch rates for all other strata ranged from 0.1 to 0.2 kg/km and
the overall mean catch rate for the entire survey region was slightly less
than 0,2 kg/ion trawled.

Table VIII-41. --Estimated biomass and population size of Alaska plaice in
Norton Sound, the southeastern Chukchi Sea , and adjacent waters (BLM/OCS
survey, 1976).

Proportion Proportion }fean size per
Percent Mean Estimated of total Estimated of total individual

frequency of biomass estimated popula ion estimated
(k%%~i 3

weight
Stratum

length
occurrence (rut ) biomass (%10 ) popula cion (kg) (cm)

Southeastern Chukchi  Sea and Kotzebue Sound

m 17.2 0.069 118 .075 36S .025 0.323 22.17

1s 86.7 0.322 244 .155 2,117 .143 0.115 20.68

20 84.2 0.181 78 .050 589 .040 0 . 1 3 3  1 8 . 0 1

21 87.5 0.242 74 .047 786 .053 0.096 17.81

Norton Sound and northern Bering Sea

w 34.4 0.134 293 .1S6 817 .055 0 . 3 5 9  2 7 . 6 4

3s 50.0 0.209 128 .082 2,111 .143 0.061 16.20

40 91.4 0.394 525 .334 4,92S .333 0.107 17.98

41 88*2 0.211 112 .071 3,068 .208 0 . 0 3 7  1 3 . 9 6

.A21 strata
cm$ined: 66.13 0.188 1,5721 14,777 0.106 17.91

~/ Mean catch per unit effort, kg/km trawled.
~/ Percent occurrence in 192 eucceasful haula.
&/ 95% confidence iacewal: 994-2,200 mt.

The apparent Alaska plaice biomass for the entire survey area was esti-
mated at about 1,600 mt (95% confidence interval 994-2,200 ret). This
estimate is probably quite representative for the surveY region even
though some of the relatively larger catches occurred at stations along
the southern border of the survey area. These catches along the survey
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boundary indicate a likely presence of Alaska plaice to the south of
the survey region. It is unknown to what degree any fish outside the
survey area might influence survey area populations; however, since Alaska
plaice had a fairly uniform low distribution throughout the survey region,
it seems doubtful that any extensive concentrations were located in close
proximity to our survey region. For the population estimated in the survey
region, about half (49%) of the apparent biomass was located in strata
1S and 40. Another 19% occurred in stratum 3W but this amount was heavily
influenced by one relatively large catch northeast of St. Lawrence Island.
Apparent biomass within each of the other strata ranged from 5 to 8%
of the overall total. In general, most of the Alaska plaice biomass in
the survey area was found in shallow-water regions where depths were
less than 25 m.

The relative distribution of estimated numbers differed somewhat from
apparent biomass. Although only 7% of the apparent biomass occurred in
stratum 41, the population estimate in numbers for this region was over
3 million fish or about 21% of the total survey estimate. The opposite
situation occurred in stratum 3Wwhere the estimated biomass comprised
19% of the total while numbers of fish present was less than 6% of the
survey total. The overall estimate for the entire survey region was 14.8
million fish.

Size composition, mean length and weight--Alaska plaice captured during
the survey ranged from 6 to 42 cm. Females were considerably larger than
males, averaging 20*3 cm compared to 16.1 cm for all strata combined
(Figure VIII-73). A variation in size composition by area was evident,
with a greater proportion of smaller fish associated with strata 4@ and
41.

Mean weight per individual varied by strata. Largest average weights
occurred in the offshore deeper-water strata, lN and 3W, where weights
averaged 323 and 359 gm, respectively. Shallower near-shore strata con-
tained Alaska plaice with much smaller average weights, especially in
stratum 41 where individuals averaged only 37 gm. The overall mean weight
per individual for the entire survey region was 106 gm.

Age composition--Relative age composition by sex and stratum for Alaska
pLaice is shown in Figure VIII-74. In terms of estimated numbers of fish
(Table VIII-42), age groups 4 through 7 predominated, accounting for
over 71% of the total estimated population. Differences in age composi-
tion occurred by region. In all strata north of Bering Strait and in
the offshore waters of the northern Bering Sea (stratum 3W), nearly all
fish (99%) were five years old or older. In No’rton Sound and the eastern
portion of the northern Bering Sea (strata 40, 4Land 3E) fish in age
groups 5 and older comprised a majority of the population; however age
groups 2 through 4 constituted 38% of the estimated population.

Sex ratio--Estimated sex ratios (number of males/number of females) by
stratum and age group are presented in Table VIII-42. Males were more
numerous than females in age groups 6 and younger, while in age groups
7 and older the oppo<ite was observed. This trend was consistent for
most strata. Additionally, for all ages combined, males were more numerous
than females in every strata except stratum 3W.
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Table vIII-42 .--Population numbers (X10
4) and sex ratios of Alaska plaice

by age group and stratum (BLM/OCS survey, 1976).

Age group o 1 2 3 4 5 6 7 8 9 10 >10
Year class

All ages
1976 1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 S196S combined

Scratm

Southeastern Chukchi Sea and Kotzebue  Sound

IN 0 .4
(1/)

14.7(1/) (:;;
55.5 36.5(6.50) (1.83)

(::;0)
.-

(:::0) (;;
23.6
(0.09) (:/; (i;;

36.2
(5.33)

246.2
(1.22)

71.0
(1.26)

81.0
(1.38)

81.7
(0.50)

210.9
(1.28)

492.9
(1.00)

298.0
(2.05)

2s . . 3.5 54.8
w) (7.63)

22.1
(0.55)

0.7 26.7
Q/) (7.09)

24.5 12.3
(0.75) (0.23) ($::7)

21 -’- -- 36.2
(1.68)

25.2 9.2
(2.00) (1.63)

Norton Sound and Northern Bering Sea

m 8.8 10.7
(1.93) (0.32)

16.3
(0.75)

29.2
(0.32)

11.8
(0.55)

62.4
(1.5s)

22.9 20.1
(0.97) (0.90) (:::0) (::;1) (:::9)

4$ 11.6 69.8 59.6
(3.14) (1.54) (2.37)

81.9 89.4
(0.90) (0.63)

40,5
(0.49)

32.7
(0.34)

12.5
(0.44)

91.6
(1. 48)

4X 13.3 46.5 139.1
(1/) (3.Q1) (2.71)

75.0
(1.22) (::!3)

Ml st~~ta — - 29.2 131.8 269.6 347.6 241.2 193.9 105.3 108.5 37.5 10.0
comb Ined

1,475.4
(8.80) (1.83) (2.29) (1.98) (1.65) (0.83) (0.54) (0.39) (0.29) (0.23) (1. 34)

Proportion of total
population ‘- — .020 .089 .183 .236 .163 .131 .071 .074 .025 .007

&j Only males in eatimme.
&/ Only females in e9timete.

Age-length relationship and prowth--Age and length
Alaska plaice were as follows:

data collected for

Otoliths Number of readable
Sex areas otoliths

Male North 52
South 93

Female North 33
South 118

Range in length
(cm)

11-33
6-34

14-34
5-42

Range in age
(years)

4-11
2-.10

5-1o
2-12

These data are summarized in Figure VIII-75 by plots of mean lengths-
at-age by sex and otolith area with estimated growth curves for each
data group. Age-length keys for these data groupings are presented in
Appendix I and growth parameters based on this information are given
in Table VIII-43.

Selection of data to eliminate age groups with few (<5) observations
and fitting the curve to the ori in resulted in reductions in the resi-

fdual root mean square deviations (_), as well as providing more realistic
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Figure VIII-75. --Mean lengths-at-age and growth curves fit to the origin
for Alaska plaice by sex and otolith area in Norton Sound, the southeastern
Chukchi Sea and adjacent waters (BLM/OCS survey, 1976).

Table VIII-43 .--Parameters for von Bertalanffy growth curves for Alaska
plaice in Norton Sound, the southeastern Chukchi Sea, and adjacent waters
(BLM/OCS survey, 1976).

f&3ngc in age
and leneth  of
‘W,lym’d  Lhtil

Otolt th lww ltvwth
areas Sex (yr] ( c m )

S4xth nllcs (i% (12-25)

Females 5-10
(5-lo) (14-32)

- - - - - -  - - - - - -  - - - - -  - - -
Swth Mlem 2-10

(3-9) (7-29)

Fwnales 2-12
(3-10) (8-37)

OriBiml data  ● et

6 L K to

2.04 33.32 -0.19 2.0s

2. 4s 42.20 -0. u 1.06

-- - -- - - - -_ ----- -
0.92 36.83 0.04 -4.97

3.81 30.40 -0.27 1.43

Salceted date

6 k K to

y y y g

2.48 42.20 -0.13 1.06

- - - - --- ---- ---- --
0.90 6s.52 -0.03 -0.96

1.05 70.32 -0.04 0.12

S.alocccd  data with orisln

b k x to

0,74 34.45 -0.12 -0.06

2-20 50.69 -0.09 0.08

- - --- - -- - - -- -- -- -
0.99 41.34 -0.10 0.15

0.97 ?l.7s -0.05 0.07

~1 In.9ufficieat data points for ca2cu2kmins  pamme.ters.
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v a l u e s for &o (theoretically equal to zero). Sex and area effects were
observed for the parameters Am and & in selected data with the origin.
Females appeared to have substantially greater &m values than males
and estimates of this parameter by sex were considerably larger in the
south otolith  area than in the north. Values for ~ differed only slightly
between sexes and otolith areas, but a trend was apparent. Males had
larger estimates of the growth completion rate (@ than females and,
by area, values of this parameter by sex were larger in the north otolith
area than in the south. This information suggests that growth differed
by sex. Also, the rate of growth completion for both sexes in the survey
area south of Bering Strait appears slowx than to the north, but largest
maximum size was achieved for Alaska plaice south of Bering Strait.

Length-weight relationship--Table VIII-44 summarizes the length-weight
observations taken for Alaska plaice by sex and otolith area and gives
coefficients of the regression lines fit to these data. Data points repre-
sent ing all length-weight observations collected for this species during
the survey are shown graphically in Figure VIII-76.

Table VIII-44. --Parameters for the length-weight relationship (weight (g)
= a o lengthb) for Alaska plaice and results from the analysis of co-
variance for between-area and between-sex differences in this relation-
ship (BLM/OCS survey, 1976).

Number Range in
Otolith of Fish Length Parameters

Sex Area Measured (cm) a b

Males North 48 11-28 .0053 3.3058
south 93 9-28 .0057 3.2660

Females North 33 17-32 .0059 3.2826
South 121 11-34 .0042 3.3746

Pooled
F slope F intercept regression

Differences between- df F df F H#i H&/ a b

Areas for males 1;137 .18 1;138 6.60* - + .0056 3.2775
Areas for females 1;150 .71 1;151 2.76 - - .0042 3.3759
Areas for sexes combined 1;291 .80 1;292 8.09** - + .0046 3.3493
Sexes for south area 1;210 3.38 1;211 1.28 - - .0045 3.3497
Sexes for north area 1;77 ..04 1;78 1.14 - - .0049 3.3336
Sexes for areas combined 1;291 3.64 1;292 .76 - - .0046 3.3493

* Significant at the .05 level.

S* Significant at the .01 level.

~/ Plus (-k) indicates that the common slope (1$) hypothesis or common intercept (Ha)
hypothesis cannot be rejected on the basis of the values of F obtained.
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Analysis of covariance  for between-area and between-sex differences
in the relationship between length and weight indicated significant levels
of variation (P ‘.05) in two treatments of the data; the comparisons
between areas for males and between areas for sexes combined. The signi-
ficant difference for the comparison between areas for sexes combined
probably resulted from the between-area differences for males. Inasmuch
as these differences were identified only in tests for the intercepts
and not for the slopes, the variations between areas could have resulted
from limited samples of small-sized males in the north otolith area.
Despite the differences, one length-weight relationship was used for
all Alaska plaice in the survey area, as described by the equation:

*
w= 0.0056J?  3“ 0 6 4 5

where ~ equals the predicted weight in grams for a fish ~ cm in length.
The relationship described by this equation is shown as a solid line
in Figure VIII-76.
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Yellowfin sole

Distribution and abundance--Yellowfin  sole occurred at 56% of the sta-
tions sampled (Table VIII-45) and accounted for about 3% of the total
apparent fish biomass. The largest concentration was located in outer
Norton Sound (strata 4(3) (Figures VIII-77 and 78) where catch rates aver-
aged 0.7 kgfkm. Average catch rates decreased to about 0.3 kgllan in inner
Norton Sound$ the eastern portion of the northern Bering Sea,and in inner
Kotzebue Sound (strata 41, 3W, and 21, respectively). Only trace amounts
of yellowfin sole were taken in the southern section of the southeastern
Chukchi Sea, outer Kotzebue Sound, and the western portion of the northern
Bering Sea (strata 1S, 20, and 3w, respectively). No catches of this
species occurred in stratum IN in the southeastern Chukchi Sea. The
overall mean catch rate for the entire survey area was less than 0.2 kg/~
trawled.

Table VIII-45. --Estimated biomass and population size of yellowfin sole in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Proportion Proportion
Percent

Mea size per
}lean Estimated of total Estimated

frequency of
of total individual

biomass estimated population estimated weight
Stratum (k5&~/

length
occurrence (ret) biomass (x 103) population (kg) (cm)

Southeastern Chukchi  Sea and Kotzebue Sound

2N

1s 80.0 0.099 75 .053 1,415 .039 .053 15.78

20 42.1 0.060 26 .018 361 .010 .071 16.74

21 87.5 0.284 86 .061 3,728 .103 .023 12.07

Norton Sound and northern Bering Ses

3W 15.6 0,013 29 .020 173 .005 .166 22.55

3E 57.1 0.252 255 .109 3,658 .101 .042 15.80

a 94.8 0.665 886 .623 20,440 .564 .of43 14.94

41 76.5 0.311 165 .116 6,452 .178 .026 13.29

A21 strata
comb i.ned: 56 &. 0.170 l,422~f 36;228 .040 16.60

~/ Mean catch per unit effort, kg/km trewled.
~! Percent occurrence in 192 successful hauls.
~i 95Z confidence interval: 1,06 S-1,776 mt.

The apparent yellowfin  sole biomass in our survey area was estimated
at about 1,400 mt (95% confidence interval 1,068-1,776 ret). This is pro-
bably a good estimate for this species in our survey region even though
some larger catches occurred along the southern border of the survey
area. Concentrations of fish along the southern limit of the survey re-
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gion indicated a probable presence of fish to the south of the survey
area ~ but the extent of movements of fish between the survey region and
areas to the south are unknown. For the population sampled, the greatest
proportion of apparent biomass (approximately 7&4) was located in strata
~ and 41 combined, while a further 11% occurred in adjacent stratum
3E. All other strata accounted for O-6% of the total biomass estimated.
No yellowfin sole were found in stratum lN, the northern portion of the
southeastern Chukchi Sea,

Relative distribution of estimated numbers of yellowfin sole did not
significantly differ from apparent biomass. The total population estimate
for all strata combined was about 36 million fish.

Size composition. mean length and weight --Yellowfin sole caught during the
survey ranged in length from 4 to 33 cm. Females were generally larger
than males, averaging 15.6 cm compated to 13.5 cm for all strata combined
(Figure VIII-79).

Length-frequency distributions of yellowfin sole indicated differences
in relative size composition by area and between sexes within strata.
Smallest average sizes by strata occurred in the shallow inner portions
of both Kotzebue and Norton Sounds (strata 21 and 41). Mean size increased
with deeper and more offshore strata. This trend was especially evident
in the set of strata south of Bering Strait where average size increased
from 13.3 cm in stratum 41 to 14.9 cm in 4P, 15.8 in 3E,and 22.6 cm
in stratura  3W. Differences in relative size compositions between sexes
appeared in strata IS and 20. Average length of f-males in these strata
was about 4 un larger than for males.

Age composition--Differences in relative age composition by sex and stra-
turn are shown in Figure VIII-80. Overall, age groups 4-7 accounted for
76% of the estimated standing stock in numbers of yellowfin sole in the
survey area (Table VIII-46) and occurred in relatively substantial numbers
in most strata. Young fish ( <age 4) comprised 8% of the total and were
primarily found in strata 40 and 41 while older fish (>age 7) accounted
for the remaining 16% of the population estimate and occurred in all
strata in the survey region.

Sex ratio--Estimated sex ratios (number ofmales/number of females) by
stratum and age group are presented in Table VIII-46. There appeared to be
more females than males in areas of low relative abundance and in all
strata north of Bering Strait. In areas of highest relative abundance,
males and females occurred in equal amounts.

Ape-length relationship and growth--Age and length data collected for
yellowfin sole were as follows:

C)tolith Number of readable Range in age
Sex areas otoliths (years )

Male North 39 2-1o
South 93 1-1o

Female North 78 4-12
South 110 2-14

Range in length
(cm)

7-23
4-26

8-24
5-34

.
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Table VIII-46 .--Population numbers (X104) and sex ratios of yellowfin sole
by age group and stratum (BL1l/OCS  survey, 1976).

&e group o 1 2 3 4 5 6 7 8 9 10 >10
Year clas9

All ages
1976 1975 1974 1973 1972 1971 1970 1969 1968 1967 1966 S1965 combined

Stratum

Soucheastet’n  Chukchf Sea amd Kotzebue Sound

M .- --

Is 0.5 6,9
(2/ ) (M

21$- 0.6 1.6
(~/) (&t)

21 10.8 9.73
(J/) (0.96)

Norton Sound and Northern Bering  Sea

s —

4d 8.5 25.3 102.8 338.0
Q/) (6.23) (2.56) (1.88)

a 18.7 106.1 161.6
(16.013) (5.89) (1.60)

14.1 44.7
(1 .56 )  (0 .66 )

3.6
(1.40) (;:;9)

89.6 105.6
(O. 76) (O. 33)

63.5 76.3
(0.24) (O. 29)

293.8 382.4
(0.55) (0.82)

95.1 95.3
(0.32) (0.60)

--

22.1 17.0 20.6
(0.13) (0.03) (0.11) :$

27.9 21.2 12.0 2.8
( 0 . 0 9 )  ( 0 . 2 9 )  ( 0 . 2 2 )  (~/)

109.8 23. S 29.1
(6.26) (2.41) (0.66) (::g8)

531.2 161.2 145.7 47.2
(0.58) (3.19) (0.76) (1.73)

115.6 22.2 20.0 9.0
(0.45) (2.26) (0.65) (2.75)

8.3
(1/)

0.3
(Al)

5.9
(4/ )

--

1.3
(2/)

7.1
(2/)

1.7
Ql)

141.7
(0.50)

34.3
(0.52)

373.1
(0.59)

17.4
(0.54)

336.0
0.42

2,044.0
0.98

645.3
(l. o6)

~1 strata — 8.5 44.0 225.4 656.1 559.7 712.2 816.7
Qi)

251.9 247.9 75.4 13.8
combined

3,612.9
(8.57) (3.86) (1.53) (0.51) (0.62) (0.47) (1.79) (0.59) (1.25) (1.48) (0.84)

Proportion of total

population -- .002 .012 .062 .182 .155 .197 ,226 .070 .069 .021 .007

Al Only males in estimate.
~f Only fom>lca  in estimate.

These data are summarized in Figure VIII-81 by plots of mean lengths-
at-age by sex and otolith area with estimated growth curves for each
data group. Age-length keys for these data groupings are presented in
Appendix I and growth parameters based on this information are given
in Table VIII-47.

Fitting the selected data to the origin failed to substantially reduce
the root mean square deviation and actually increased 6 for age groupings
in the north otolith area. Increased 6 was most noticeable for the north
area females. Original data for this group suggested almost linear growth
(Figure VIII-81) with ~ estimated at about age 2 years (~ = 2.04).
The selected data with the origin, however, did improve values for ~m ,
~, and~ , especially for area south females where meaningless parameters
(~m < 0 and~ >0) were obtained before selection.

An area effect was observed for both sexes for the parameters Lm and
~ in the selected data with the origin. For males and females, e=timates
of Lm in the south otolith area were larger than estimates in the north
by 28% and 14%, respectively. Also, lower estimated growth completion
rates (~) by sex were indicated for the south otolith area than for the
north area.
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Figure VIII-81 .--Mean lengths-at-age and growth curves fit to the origin
for yellowfin sole by sex and otolith  area in Norton Sound, the south-
eastern Chukchi Sea and adjacent waters (BLM/OCS  survey, 1976).

Table VIII-47 .--Parameters for von Bertalanffy  growth curves for yellowfin
sole in Norton Sound, the southeastern Chukchi Sea, and adjacent waters
(values in parentheses are ranges for selected ages and lengths) (BLM/OCS
survey, 1976).

Sange in age
and Iength of
analyzed data Originaz data set

Otolith age
Selected data Selected data with  origin

length
areas Sex (yr) (cm) 6 L- K to 6-L K to 6 L- K to

Xorch Hales 3-11 1.65 15. sl -0.34 0.59 1.60 14.47 -0,91 2.95
(4-9)

1.97 M. 94
(7-14)

-0.23 -0.19

Famales 4-12 1.12 21.35 -0.28 2.04 1.12 21.35 -0.2s 2.04 2.o3 24.54 -0.12 -0.51
(4-12) (S-24)

- - - - - - - - . -- - - -- --- -. -_ - - ____ - - - - -_ - - _ .- - ___ ----- - ____ - _ _ --- - --- - -- ____ . - __
South Ualee 1-10 0.53 20.40 -0.22 -o. 00 0.26 62.94 -0.03 -3.87 0.50

(4-9) (9-26)
22.23 -0.19 0.08

Fema2ee 2-13 1.6S -38.01 0.10 -8.83 0.85 41.73 -0.07 -1.08 1.08 28.64 -0.15 0.20
(2-11) (9-29)

These data suggest a possible difference in growth for yellowfin sole
found north and south of Bering Strait. Maximum size of this species
appears to be substantially smaller for stocks north of Bering Strait
than for fish to the south and the rate at which maximum size is achieved
also differs between these regions. Mean lengths-at-age were smaller
by sex north of ,Bering Strait than foryellowfin  sole south of that
strait.
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Length-weight relationship--Table VIII-48 summarizes the length-weight
observations taken for yellowfin sole by sex and otolith area and gives
coefficients of regression lines fit to these data. Data points repre-
sent ing all length-weight observations collected for this species during
the survey are shown graphically in Figure VIII-82.

Table VIII-48 .--Parameters for the length-weight relationship (weight (g)
= a * lengthb) for yellowfin sole and results from the analysis of co-
variance for between-area and between-sex differences in this relation-
ship (BLM/OCS survey, 1976).

Number Range in
Otolith of Fish Length Parameters

Sex Area Measured (cm) a b

Nale North 38 9-25 .0072
South

3.1696
92 7-24 .0081 3.1100

Female North 80 10-24 .0067 3.2091
South 108 9-34 .0083 3.1225

Pooled
F slope F intercept regression

Differences between- df F df F H# Ha&/ a b

Areas for males 1;126 .14 1;127 .59 - - ● 0082 3.1072
Areas for females 1;184 1.32 1;185 .82 - - .0079 3.1438
Areas for sexes combined 1;314 1.74 1;315 2.96 - - .0076 3.1507
Sexes for south area 1;196 .03 1;197 7.14** - + .0079 3.1340
Sexes for north area 1;114 .08 1;115 1.01 - - .0064 3.2235
Sexes for areas combined 1;314 .35 1;315 10.3** - + .0076 3.1507

* Significant at the .05 level.

** significant  at the .01 level.

~/ Plus (+) indicates that the common slope (~) hypothesis or common intercept (Ila)
hypothesis cannot be rejected on the basis of the values of F obtained.

Analysis of covariance  for between-area or between-sex differences in
the length-weight relationship indicated a significant difference  in

two treatments of the data, the comparisons of between–sex differences
in the south otolith area and for areas combined (F= 7.14 and 10.3, re-
spectively, p <.01). A significant difference for the area-combined com-
parison between sexes probably resulted from differences between sexes
in the south otolith area. Since significance was determined only for
tests of the treatment intercepts and not the slopes, the two treatment
differences may have been due to limited observations of small-sized
fish of either sex. Despite the differences, one length-weight  relation-
ship was used for all yellowfin sole in the survey area, as described
by the equation:

●

4= 0.0076L 3 0 1 5 07

where ~ equals the predicted weight in grams of a fish & cm in length.
The relationship described by this equation is shown as a solid line
in Figure VIII-82,
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A r c t i c  c o d

Distribution and abundance--Arctic cod was the most frequently encountered
species, occurring at neariy 85% of all stations sampled (Table VIII-49);
however, it accounted for less than 3% of the total apparent fish biomass.
Small concentrations were found throughout the survey region (Figures
VIII-83 and 84), with the southeastern Chukchi Sea, outer Kotzebue Sound,
outer Norton Sound, and the eastern portion of the northern Bering Sea
(strata lN, 1S, 2fJ, 4P, and 3E) all having catch rates of about 0.2 kg/km.
Catch rates were even lower in the inshore portions of Norton and Kotzebue
sounds (21 and 41) where only trace amounts of Arctic cod were encounter-
ed. The overall mean catch rate for the entire survey area was slightly
more than 0.1 kg/km trawled.

Table VIII-49. --Estimated biomass and population size of Arctic cod in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

Proportion Proportion Mean size per
Percent Mean Ea timsted o f total Estimated of total individual

frequency of biomses estimated
Stratum

popula ion estimated
(k~&)~/ 5

weight length
occurrence (ret) biomass (x 10 ) population (kg) (cm)

Southeastern Chukchi  Sea and Kotzabue Sound

IN 96.6 0.208 353 .286 2 S , 2 7 0 .330 .014 10.41

1s 66.7 0.197 149 ,121 8,774 .115 .017 12.53

20 89.5 0.155 67 .054 3,149 .041 .021 12.65

21 37.5 0.018 6 .005 344 .004 12.25

Norton Sound and northern Bering Sea

3U 90.6 0.099 217 ,176 18.544 .242 .012 8.63

3E 92.9 0.233 143 .216 4,959 .065 .029 14.13

4LI 82.8 0.208 278 .225 14,410 .188 .019 13.38

41 88.2 0.041 22 .018 1,065 .014 .021 12.99

All strata

combined: 84 @l
. 0.147 ~ 23#

* 76,516 .016 11.32

~/ Mean cacch per unit effort, kg/km crawled.
2J Percent occurrence in 192 successful hauh.
# 9S% confidence interval I 91 S-1,550 mt.

The Arctic cod biomass for the entire survey area was estimated at just
over 1,200 mt (95% confidence interval 912-1,550 ret). This is a minimum
estimate for the region, since Arctic cod are considered semi-pelagic.
Quast (1974) indicated this species was by far the most abundant taken in
midwater sampling during an earlier study in the Chukchi Sea. Some unknown
proportion of the popu~ation, therefore, occupied the water column above
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ehe sampling gear and was unavailable to the trawl. Also, concentrations
may have existed north of the survey region. Earlier work by Alverson
and Wilimovsky (1966) mentioned relatively large catches of Arctic cod
slightly north of Pt. Hope. The degree to which these peripheral stocks
may influence the survey area population is unknown. Additionally, this
species exhibits a preference for colder waters (Svetovidov,  1968) and
the relatively warm water temperatures measured during the survey may
have had still another effect on Arctic cod distribution and abundance.

For the Arctic cod population sampled, over 40% of the estimated popula-
tion occurred in strata lN and 1S combined. Of the remaining biomass,
29% occurred in strata 3W and 3E combined, 22% in stratum A@, and less
than 2% each- in strata 21 and 41.

The relative distribution of the estimated number of fish did not appre-
ciably differ from the apparent biomass. The total population estimate
for the entire survey area was about 76.5 million fish.

Size composition, mean length and weight--Arctic cod caught during the
survey ranged in size from 4 to 26 cm. Males were slightly larger than
females, averaging 13.6 cm compared to 13.5 cm for all strata combined
(Figure VIII-85). Length frequency distributions for Arctic cod include
juvenile fish for which sex was not determined. The inclusion of these
unsexed fish in the calculation of mean size for sexes combined caused
the mean length in most strata to be considerably less than for individual
sexes.

Small fish (x8 cm) were almost entirely located in the offshore deeper
water strata IN and 3W. Larger Arctic cod ( >8 cm) were found in all
strata, but were most abundant in strata IN, 1S, and 4b.

Highest mean weight for Arctic cod (29 gm) was observed in stratum 3E
where catches of small fish were not encountered. Overall mean weight
per individual for the entire survey region was only 16 gyn.

Age composition--Differences in relative age composition between sexes
was not significant (Figure VIII-86). In terms of estimated numbers of
fish (Table VIII-50), age groups () and 2 predominated, accounting  for

over 72% of the total estimated population. Most of the remaining esti-
mated population consisted of 3 and 4 year-old fish. It is most interest-
ing that age 1 fish appeared very low in estimated abundance, comprising
less than 2% of the total estimate. No obvious reason could be identified
for this low abundance.

Sex ratio--Estimated sex ratios (n~ber ofmales/number  of females) by
stratum and age grou~ are presented in Table VIII-50. Overall, males
were slightly more numerous than females, but females predominated in
age groups 4 and older.
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Table VIII-50 ---Population numbers (X10
5) and sex ratios for Arctic cod by

age group and stratum (BLM/OCS  survey, 1976).

~e ~ro.p o 1 2 3 4 5 6 7 8 9 10 >10 All ages
Year clnss 1976 197s 1974 1973 1972 1971 1970 1969 1968 1967 1966 S1965 cocbincd

Stratum
Southcawten Chukchi  Sea and Kotzebue  Sound

2N 108.4
( 1 . 8 8 )  (i:;2)  ?& :% i~:~2)

279.6
(0.99)

. .

--

--

-.

(::!2) (:/;
85.0
(1.43)

(R) (;/; 31.2
(0.74)

(;::8)

Norton Sound and Northern Bering  See

w 124.9 34.9
(4/) ;J: (1.69) (!:~l) (:: :1) (:/; 185.4

(1.01)

38 29.2
(:/; (;/; (2.11) (:::0) (;: !3) (;::9) (:::1) (:/: 49.7

(1.62)

4, 93.4 24.1
(;/: (;/; (1.74) (0.50)

10.9
(0.59)

144.2
(1.01)

(:::9)
10.6--
(1.11)

W strata 232.9 14.6 333.5 122.2 50.7 26.2 5.4
combined (y/; – -- -- --

78S.7
(4.71) (0.23) (1.54) (0.69) (0.94) (0.36) (0.08) (1.08)

Proportion of total
population .296 .019 .424 .156 .064 .033 .007 .ool - — - -

&l Only males in estimate.
~f Only femalea in estimata.

Age-1ength relationship and growth--Age and length data collected for
Arctic cod were as follows:

Otolith
Sex area

Number of readable Range in age Range in length
otoliths (years) (cm)

66 0-5 5-21
57 0-7 9-23

Male North
South

68 0-6 6-25
73 1-6 9-26

Female North
South

5 0 4-8Unsexed North
South -- -. --

These data (except unsexed) are sunnnarized in Figure VIII-87 by plots
of mean lengths-at-age, by sex and otolith area with estimated growth
curves for each data group. Age-length keys for these data groupings
are presented in Appendix I and growth parameters based on this informa-
tion are given in Table VIII-51.
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Table VIII-51 .--Parameters for von Bertalanffy growth curves for Arctic cod
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (values
in parentheses are ranges for selected ages and lengths) (BLM/OCS survey,
1976).

Singe in age
nnd length of
analyzed data

tolith age length
area s Sex (yr) (em)

wth wllcs 0.5-5.5
(1. 3-S. 5) (9-20)

Feualee 0.5-6.5
(1.5-6.5) (1*25)

- - - - - - - - - --- - -----
ouch Hales 2.5-7.5

(2.3-5. s) (10-20)

Femdex  1.5-6.5
( 2 . 5 - 5 . 5 )  (1*23)

Original data @et
6 & K %

0.45 2S.97 “ -0.20 -0.78

1.01 34.27 -0.13 -1.07
- -- -- - - - -- -- -- - - -

0.9s 21.10 -0.83 1.44

1.96 23.9a -0.19 -1.92

.%!lecced  dats

6 L.. K t

0.66 23.08 -0.26 -0.54

1.13 77.15 -0.04 -2.06

----- ----- ----- --
0.86 19.80 -1.23 1.65

1.43 20.30 -0.48 0.84

Selected data with origin

6 L.D K =0

0.6$ 20.40 -0.41 0.01

1.60 24.59 -0.31 0.0s

------ ---------  .-
1.19 25.13 -0.29 -0.04

1.23 25.58 -0.24 0.02
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Since young of the year (age group 0) were present in nearly all sets
of Arctic cod age data, adjustments to ages were necessary to provide
reasonable growth curve fits for both the original data and for the se-
lected sets, with values at the origin of the curve (age and length = O).
Age plus 0;5 years was used as the adjustment, since it is reasonable
to assume that at least half o a yearfs growth had been completed by

f/the September-October survey date. -

Selection of data. to eliminate age groups not fully recruited to the
gear or with few ( <5) observations and fitting the curve to the origin
resulted in S1 ight increases in the root mean square deviations (d).
The selected data fitted to the origin, however, did improve estimates
of & and provided more realistic values for ~ .

Sex and area effects were observed for the parameters &m and ~ within
the selected Arctic cod data. Females appeared to have slightly greater
~an values than males and eseimates of this parameter by sex were larger
in the south otolith area than in the north. Values of the growth comple-
tion rate (~) substantially differed by sex and otolith areas. Male groups
had higher ~ values than females, and, by area, estimates of this
parameter were higher in the north otolith area than for south area
groups. This information suggests that growth may differ by sex and that
the rate of growth completion for both sexes of Arctic cod in that part of
the survey region south of Bering Strait is slightly slower than to the
north. Greatest maximum size within the survey region, however, is
achieved by fish occurring south of Bering Strait.

Length-weight relationship--Table VIII-52 summarizes length-weight obser-
vations taken for Arctic cod by sex and otolith area and gives coeffi-
cients of the regression lines fit to these data. Data points representing
all length-weight observations collected for this species from the survey
are shown graphically in Figure VIII-88.

Analysis of covariance for between-area and between-sex differences indi-
cated significant differences for most treatments of the data. Interesting
trends resulted from consideration of weights predicted by the regression
coefficients. Overall, males weighed more at-length than females, and
these differences in weight-at-length increased with size. Additionally,
males from the north otolith area were heavier at-length than fish of
corresponding sex and size in the south, but only up to a length of about
18 cm. Above that size, south area males were heavier. A similar situation
was observed for females, although the change to south area females
weighing more than north fish did not occur until a length of 33 cm was
attained. This is considerably larger than the size of Arctic cod
encountered during the survey. The between-area differences suggest that
Arctic cod stocks north and south of Bering Strait grow at differing rates

~i Rass (1968) indicated that Arctic cod spawn during January-February
and transition from the larval to juvenile form occurs in August at
a size of 3-5 cm.
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and more than one localized population may occur in the survey region.
Absolute differences in the length-weight relationships for both areas and
both sexes, however, were on an order of 3-7% and an overall length-weight
relationship could be used to describe the entire population in the survey
region. This overall relationship was described by the equation:

;= 0*O057J?  3“ 0 6 4 5

where ~ equals the predicted weight in grams of a fish& cm in length.
The relationship described by this equation is shown as a solid line
in Figure VIII-88.

Table VIII-52 .--Parameters for the length-weight relationship (weight (g)
= a “ lengthb) for Arctic cod and results from the analysis of covariance
for between-area and between-sex differences in this relationship (BLM/
OCS survey, 1976).

.

Number Range in
Otolith of Fish Length Parameters

sex Area Measured (cm) a i)

Males North 70 9-21 ,0081 2.9509
South 66 9-23 ,0029 3.2991

Females North 70 6-25 ,0067 3.0084
South 70 10-25 ,0051 3.0876

Pooled
F slope F intercept regression

Differences between- df F df F wHaab

Areas for males 1;131  1 2 . 0 0 * *  1;132  1 0 . 6 O * *  + -1- ,0050 3,1200
Areas for females 1;136 .98 1;137 8.57** - + ,0061 3.0317
Areas for sexes combined 1;271 9.09** 1;272 19.50** + + ,0057 3,0645
Sexes for south area 1;131 4. 34* 1; 132 1.55 + - ,0040 3.1766
Sexes for north area 1;136 .53 1;137 3.96** - + ,0072 2,9850
Sexes for areas combined l;271 1.74 1;272 4.34** - + ,0057 3,0645

Significant at the .05 level.

Significant at the .01 level.

klws (+) indicates that the common slope (~) hypothesis or co~on intercept (Ha)
hypothesis cannot be rejected on the basis of the yalues Qf F ‘obt~ined,
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Figure VIII-88. --Weight-at-length observations for Arctic cod by sex
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Other fish species

During the demersal survey, several other fish species were encountered
but limited biological information was obtained for them. The following
are brief descriptions of the distributions and abundances for these
other species with a presentation of biological information when avail-
able.

Walleye pollock was lfhe other member of family Gadidae which occurred
in the survey region. - Their distribution (Figure VIII-89) was primarily
limited to offshore waters in the northern Bering Sea and southeastern
Chukchi  Sea (strata 3W, 3E, and 1S), where only trace amounts were encoun-
tered. The apparent total biomass of this species in the survey region
was about 267 mt (95% confidence interval O-579 mt) (Table VIII-53).
All pollock encountered were mall (<20 ~), age 1 juveniles (Figure

VIII-90). Catches in the southeastern Chukchi Sea during our survey appear
to be the first record of pollock occurring north of Bering Strait.

Table VIII-53. --Estimated biomass and population size of walleye pollock in
Norton Sound, the southeastern Chukchi Sea, and adjacent,waters (BLN/OCS
survey, 1976).

Proportion Proportion Mean size per
Percent Mean Estimated of total Estimated

frequency of
o f total individual

biouass estimated popula ion estimted
Stratum

weight length
occurrence (k~&&/ (am) biomass 5(x 10 ) population (kg) (cr])

Southeastern Chukchi  Sea and Kotzebue  Sound

IN 6.9 0.003 5 .021 279 .017

1s 40.0 0.227 172 .643 804 .649 .016

20 15.8 0.002 1 .003 25 .001

21 12.5 0.005 2 .006 36 .002

Norton Sound and northern Bering  Sea

3W 50.0 0.015 34 .128 2,110 .127 .016

3s 57.1 0.066 40 .251 2,548 .153 .016

4!2 29.3 0.009 13 .047 845 .051 .015

12.48

14.32

10.82

12.90

12.17

Au strata
combined: 27. & 0.032 267~1 16,646 .016 13.44

~1 Mean catch per unit effort, kglkm trawled,
~/ Percent occurrence in 192 aucceeaful  haula.
# 9SZ confidence interval; O-579 U&

~/ One specimen of Pacific cod (Gadus morhua macrocephalus)  was captured——
in the southernmost trawl haul of the survey, southeast of St. Law-
rence Island.
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Figure VIII-89. --Distribution and relative abundance by weight of walleye
pollock  in Norton Sound, the southeastern Chukchi Sea and adjacent
waters (B121/OCS survey, 1976).
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Bering flounder, Ionghead dab, Arctic flounder, and Pacific halibut were
the other members of family Pleuronectidae  encountered during the 1976
baseline survey. Bering flounder were found in trace amounts throughout
much of the region (Figure VIII-91) but were absent fr~ Norton
Sound (strata ‘~~ve~nd 41) and inner Kotzebue Sound (stratum 21). Total
apparent biomass for this flatfish species was 232 mt (95% confidence
interval 150-315 mt) for the entire survey region (Table VIII-54) and
nearly 75% of this amount was found in stratum lN in the southeastern
Chukchi Sea. For the limited samples obtained, size distribution ranged
from 8 to 25 cm (Figure VIII-92) and predominant ages were 5 year olds
for males and 5 and 9 year olds for females (Figure VIII-93).

Table VIII-54---Estimated biomass and population size of Bering flounder in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BL1l/OCS
survey, 1976).

Proportion Proportion :!ean size per
Percent !fean Estimated of total Estimated of total inciividw~l

frequency of biomaes estimated population estimated wei Eht length
Stratum occurrence (k$&/ (M) biomass (x 103) population (kg) (cm)

Southeastern Chukchi Sea and Koczebue  Sotmd

lx 79.3 0.102 173 .744 2,077 .741 .083 17.23

M 46.7 0.014 22 .048 193 .069 19.97

2s 57.9 0.058 25 ● 108 307 .109 .082 17.s5

21

Norton Sound and northern Bering Sea

3U 2 5 . 0 0.010 22 .094 198 .071 .110 —

3s 14.3 0.002 1 .006 29 .010

40

41

AU strata
combined: 26.4’ 0.028 23& 2,803 .083 17.51

~/ Mean catch per unit effort, kg/km trawled.
~/ Percent occurrence in 192 successful hauls.
J/ 95% confidence internal: 150-315 mt.

knghead dab was found in most shallow water areas of the survey region
with slightly higher concentrations occurring in outer Norton Sound
(Figure VIII-94). Estimated biomass of longhead dab in the survey region
was 172 mt (95% confidence interval 63-282 mt) with 6VL of this amount
occurring in stratum 40 (Table VIII-55).

Arctic flounder had a very limited distribution, occurring in very shallow
waters of the survey region off the Yukon River, in Norton Bay, Port
Clarence, and in Kotzehue Sound (Figure VIII-95). The total apparent
biomass for this species was only 69 mt (95% confidence interval
21-118 mt) with nearly 83% of this amount found in stratum 40 (Table VIII-
56).
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Table VIII-55. --Estimated biomass and population size of longhead dab in
Norton sound, the southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Proportion Proportion Xean size per
Percent Mean Each.ated of total Estimated of total iodiwidual

frequency of biomass
Stratum

estimated popula ion
(k~~)~f 5

estimated weif$t length
occur rcnco (nit) biomnes (x 10 ) population (k~) (cm)

Southew  tern Chukchi  Sea and Kotzebue Sound

N

1s 20.0 .011 8

20 26.3 .024 10

21 12.5 .013 4

Norton Sound and northern Bering Sea

3U 3.1 t 2

3s 28.6 .072 44

40 27.6 .077 103

41 5.9 t t

.049

.061

.023

.010

.257

.598

.002

220

176

29

19

900

2,012

8

.065

.052

.009

.006

.267

.598

.003

.039

.060

.136

.091

.049

.0s1

.045

16.49

16.30

All strata
comb ined: 16.111 .021 172% 3,364 .051 16.21

~/ Mean catch per unit effort, kglkm trawled.
~1 Percent occurrence in 192 aucceaaful haula.
~i 95% confidence interval: 63-282 mt.

Table VIII-56. --Estimated biomass and population size of Arctic flounder in
Norton Sound, the southeastern Chukchi. Sea, and adjacent waters (BLM/OCS
survey, 1976).

Proportion Proportion Mean size per
Percent Mean Estimated of total Es timsted of total individual

frequency of biomass estimated popwl.a  ion estimated
(k$~)~f 3

weight
Stratum (Ilt)

length
occurrence biomass (x 10 ) population (kg) (ccl)

Southeastern Chukchi  Sea and Kotzebue Sound

lN 3.4 t 1

1s 13.3 .001 1

20 5.3 .002 1

21 25.0 .011 4

Norton Sound and northern Bering Sea

3U

3s 7.1 t 1

4$ 19.0 .043 57

41 11.8 .001 5

.012

.017

.017

.052

.009

.827

.066

19

27

39

325

13

370

34

.022

.032

.047

.394

.016

.448

.041

—,

,030

.011

.155

13.17

10.30

20.83

All strata
combined: lo &. .008 6@ 826 .09s 16.78

~/ Mean catch per unit effort, kg/km trawlad.
~1 Percent occurrence in 192 aucceesful tuiuh.
~/ 95% confidence interval: 21-U8  mt.
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Two Pacific halibut were captured during the survey, one in Norton Sound
and the other at the northern end of Bering Strait. The specimen caught
in Bering Strait was a 150 cm female and is the northernmost record for
distribution of this species.

Capelin was thought to be very abundant in our survey region, but only
trace amounts were encountered, mostly in offshore and deeper waters
(Figure VIII-96). Total estimated biomass for this species was 190 mt
(95% confidence interval 99-281 mt) with over 52% of this amount occurring
in offshore stratum 3W and an additional 34% in stratum lN in the south-
eastern Chukchi Sea (Table VIII-57). Sizes encountered ranged from 6
to 21 cm (Figure VIII-97). Capelin  larger than 17 cm occurred only in
stratum 3W.

Table VIII-57 .--Estimated biomass and population size of capelin in Norton
Sound, the southeastern Chukchi Sea, and adjacent waters (BJ.M/OM survey,
1976).

Proportion Proportion
Percent

Xean size per
Hean Estimated of total Estimated of total individual

frequency of biomsse estimated popula ion estimsted
(k:~)&/ 5

veight length
Stratum occurrence (rut) biomaes (x 10 ) population (kg) (cm)

Southeastern Chukchi Sea and Koczebua Sound

IN 3’4.5 0.037 64 .337 3,206 .189 .020 13.78

Is 46.7 0.017 13 .071 706 .042 .019 17.96

2$ 15.8 0.008 4 .020 344 .020 .011 10.89

21

Norton Sound and northern Bering  Sea

m 56.3 0.045 99 .s21 11,168 .659 .009 11.36

38 28.6 0.022 7 .039 1,490 .088 .00s 9.03

46 8.6 0.001 2 .013 41 .002

4X

All strata
combined: 24. # 0.023 &l 16,955 .011 11.88

~/ Mean catch per unit effort, kg/km trawled.
&/ Parcent occurrence in 192 successful haula.
~1 95% confidence interval: 99-281 nit.
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I)isCribution,  Abundance, and Biological Features
of Principal Species of Crabs

In this section the distribution, abundance, and size composition of
king crab and Tamer crab are presented from results of the 1976 baseline
survey. In addition, shell age composition and egg clutch size are exa-
mined to provide some baseline info~ation on crab growth and to identify
Ehe relative size of mature or maturing females.

Shell age is an ‘important index of crab growth since it reflects the
frequency of molting which, taken with the increase in size per molt,
determines the absolute rate of growth for individual crabs. An examina-
tion of a time series of data on shell age composition is necessary to
establish any trends in growth of crabs. The baseline survey data provide
only one interval in a time series and thus cannot describe crab growth
by itself. The baseline data, however, do provide a set of information
to which future data may be compared.

Red king crab

Distribution and abundance--Red king crab were found at only 34% of the
trawl stations sampled, but were concentrated in Norton Sound (Figures
VIII-98 and 99) where their frequency of occurrence exceeded 76% (Table
VIII-58). Outer Norton Sound (stratum 4@) had the highest average catch
rate of all strata, averaging 2.3 kg/km. Mean catch rate decreased to
0.6 kg/km in inner Norton Sound (stratum 41) and further dropped to only
trace levels in the eastern part of the northern Bering Sea (stratum
3E) and in the vicinity of outer Kotzebue Sound (strata 1S and 2@). Red
king crab were not found at any of the stations in the western portion
of the northern Bering Sea (stratum 3W) or in the southeastern Chukchi
Sea (stratum lN) where deeper and colder waters occurred.
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Table VIII-58 .--Estimated biomass and population size of red king crab in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BW/OCS
survey, 1976).

Proportion Proportion tiean weight
Percent Mean Estimated of total Estimated of total per

frequency of biomass
(k;t;i)~f

estimated
$

popula ion estimated individual
Strata occurrence (ret) biomass (Xlo ) population (kg)

Southeastern Chukchi  Sea and Kotzebue  Sound

IN . . . . . .

1s 6.7 0.011 9 .003 19 .004 .4s4

20 15.8 0.025 11 .0(33 21 .004 .506

21 . . . .

Norton Sound and Northern Bering Sea

3U - . . .

3E 21.4 0.152 93 ,027 112 .022 .836

40 77.6 2.311 3,077 .874 4,291 .858 .718

41 76.5 0.619 329 .094 557 .111 .591

All s t r a t a
combined: 33. @ 0.420 3,5192/ 5 ,0003J .707

~/ Mean catch per unit effort, kg/km trawled.
2/ Percent occurrence in 192 successful hauls.
~ 95% confidence interval: bionwss--2 .369 - 4,670mt; population--  3s245,000-  6~75c.000.

The apparent red king crab biomass for the entire survey area was
estimated at over 3,500 mt (95% confidence interval 2,369-4,670 ret).
Several catches of this species occurred at stations along the southern
border of the survey area indicating a likely presence of red king crab
south of the survey region. It is unknown to what degree crab south of the
survey limit might interact with stocks within the survey region. The
highest concentrations of red king crab encountered, however, were well
within the survey boundaries and our estimate should be quite good for the
survey region. For the population sampled, the major portion of the
biomass (approximately 87%) was located in outer Norton Sound in stratum
40, and much of this amount was found near the community of Nome. Of the
remaining biomass, nearly 10% of the total was located in stratum 41
and 3% in stratum 3E.

The relative distribution of the estimated number of red king crab was
very similar to apparent biomass. Strata 4Q and 41 accounted for nearly
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97% of the total population e ~~mate of 5 million crabs (95% confidence
interval 3.2-6.8 million crabs).-

Size composition--Size composition data for red king crab by sex and stra-
tum are presented in Figure VIII-1OO. Sizes ranged from 15 to 165 mn cara-
pace length and females exhibited a smaller size range (15-100 mm) than
males (15-165 mm). Only one mode in size composition was observed per sex
at about 105-110 m for males and 75-80 mm for females.

Population estimates by size groups, strata, and sexes are presented in
Table VIII-59. Intermediate sized males (100-125 rrnn) were the most
abundant group in most regions where red king crabs were found. They
represented over 69% of the estimated male population and 60% of the
overall apparent population. Large females ( ’70 mm) comprised 85% of the
estimated female population (11% of total numbers estimated). No females
were observed north of Bering Strait, and for males present in this
region, no large crabs (>125mm) were encountered. Overall, males com-
prised the vast majority of the estimated population, outnumbering females
by a factor of nearly 7.5 to 1.

Mean size for male red king crab was larger than for females in all strata
(?igure VIII-100). Average size of males varied only slightly by stratum
with males in stratum 41 having the smallest mean size. Differences in fe-
male mean size by stratum were slightly greater with smallest average size
occurring in stratum 3E, increasing in stratum 4A and largest in stratum
41.

~/ Another population estimate for red king crab was determined by the
computer program SIZEPOP to obtain population estimates by size and sex
for size composition analysis. Program SIZEPOP utilized the 192 standard
survey trawl hauls as well as the 44 trawl hauls performed during the day-
night catch comparisons. For this population estimate, an estimated
station population was obtained by analyzing catch rates for all trawl
hauls at a station. This means that at five stations both a standard
survey tow and several other trawl hauls were examined. The total red king
crab population estimate obtained through this procedure was about 9.8
million crabs (95% confidence interval 4.8-14.8 million crabs), substan-
tially higher than the estimate determined solely from the standard survey
tows ● The marked difference between the two population estimates was the
result of catches at one station in stratum 4P. At this station, the
standard survey tow produced a catch rate (in numbers) of 6.7 crabs/km.
Catch rates for the eight day-night comparative tows at this station
(fished about 1 month after the standard survey tow) ranged from 10.2 to
86.4 crabs/km. When both the standard tow and comparative tows were
combined, the overall station catch rate had jumped to 30.5 crabs/b or
4.5 times that obtained solely from the standard tow. Since these catches
were the largest encountered during the entire survey and because nearly
all of the surveyts red king crab population occurred in stratum 4!3, the
catch rate for this one station had a dramatic effect on the total
population estimate. Differences between standard and comparative tow
catch rates were substantially less for all other stations where both
types of trawl hauls ● occurred. Additionally major differences between
standard survey/comparative tow catch rates did not occur for other fish
and crab species examined.
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.--Estimated population (X103) of red king crab by stratum, sex and size
‘a~~~u~~}-~~ Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/OCS

survey, 1976).

MALES FEMALES

All All
Stratum <loom

Sexes
100-125nmI >125rrmI sizes <7~ 27 Omm sizes combtned

Southeastern Chukchi Sea and Kotzebue Sound

lN .- -- --

1s 4.4 15.0 --

20 4.7 16.4 -.

21 -- -- --

--

19,4

21.1

--

--

--

--

--

--

--

--

--

--

--

---

--

19.4

21.1

--

Norton Sound and northern Bering Sea

3W -- -- -- -- -- -- -- --

3E 28.1 62.5 7.4 98.0 7.0 7.0 14.0 112.0

40 1,035.8 2,715.4 127.7 3878.9 79.2 333.0 412.2 4,291.1

41 107.3 196.3 8.5 314.1 8.5 234.7 243.2 557.3

~/ Carapace length (mm).
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Figure VIII-l 00 ---Size composition of red king crab by sex and stratum in
Norton Sound, the southeastern Chukchi Sea and adjacent waters (BLM/OCS
survey, 1976).

Shell condition—Shell age composition by region and sex for red king crab
and other crab species is presented in Table VIII-60. In the southeastern
Chukchi Sea and- Kotzebue- Sound, all red king crab encountered were
new-shell crabs. In the northern Bering Sea and Norton Sound, new-shell
crabs still were predominant but relatively large proportions of both
sexes were old-shell crabs, indicating one or more skip molts. Overall,
new-shell crabs accounted for 67% of the total estimated male population
and over 75% of the female red king crabs while old-shell crab comprised
26% and 15% of the population of males and females, respectively.

Egg clutch size—Size of egg clutch and the proportiori  of females with
eggs by length groups is shown in Table VIII-61. The smallest carapace
length with egg clutches present were GO-6A mm. Several barren females (no
egg clutch) were present in the sample at sizes up to 70-74 mm; however,
from these limited data, in general it appeared that 70 mm was the
approximate minimum size at which over half the female red king crab of
the survey area were gra<id.
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Table VIII-60 .--Shell age composition for king and Tanner crab (percent by sex) by
subareas and total survey area for Norton Sound, the southeastern Chukchi Sea
and adjacent waters (BI.M/OCS survey, 1976).

Southeastern Northern
Chukchi Sea Kotzebue Sound Bering Sea Norton Sound Percent

(strata lN and 1S) (strata 20 and 21) (strata 3Wand 3E) (strata 40 and 41) overall

Red king crab

Males
Molting .- -- -- 0.2 0.1
soft -- -- 25.0 6.5 6.5
New 100.0 100.0 75.0 65.8 66.8
Old -- -- -- 27.6 26.5

Females
Mo 1 t ing -- -- -- -- --
soft -- .- 0.7 9.3
New 100 -- 100.0 83.1 76.2
Old -- -- -- 16.2 14.6-—__ ____ ____ ____ ____ ____ ____ ____ ____ ____ _____ ____ ____ ____

Blue king crab

Males
Noltf.ng - - - - - - - - - -

soft -- -- -- 7.0
New -- — 8;:; -- 86.0
Old -- -- 7.0 -- 7.0

Females
Molting -- -- -. -- --

soft -- -- -- 3.9
New -- -- 9::: -- 90.8
Old — -- 5.3 -- 5.3——— ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ ___ __

Tanner crab (Opilio)

Males
Mo 1 t ing -- -- -- -- --

soft — -- 1.0 -- 0.1
New 99.7 99.9 97.3 100.0 99.5
Old 0.3 0.1 1.7 -- 0.4

Females
Molting -- -- -- -- --

soft -- 0.1 1.2 --
New 99.3

0.1
99.9 98.1 100.0 99.5

Old 0.7 -- 0.7 -- 0.4



‘Iable VIII-61 .--Numbers of female red king crab by size of egg clutch and
carapace length and poportion of gravid females by size group (BLM/OCS
survey, 1976).

Carapace
length No Trace- 1/4 1/2 3/4 Proportion
(mm) eggs 1/8 full full full full full with eggs

15-54 2 — -- — -- -- --

55-59 1 — -- -- --

60-64 2 -- — -- 1 1 0.50

65-69 6 — 4 1 3 0.57

70-74 4 — 4 3 2 0.69

75-79 1 -- — 9 8 13 0.97

80-84 1 — 4 7 8 14 0.97

85-89 2 1 — 3 4 4 0.86

90-94 -- 2 5 7 1.00

95-99 — — — 1 1.00

100-104 — — -- -- 1 1 1.00

.,
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Blue king crab

Distribution and abundance--Blue king crab occurred in only 12% of all
stations sampled, having a highly localized distribution. They occurred in
over 59% of the stations surveyed in northern Bering Sea waters in stratum
3W (Table VIII-62), where two concentrations occurred; one south of Bering
Strait and the other southwest of Port Clarence (Figures VIII-101 and
102). Average catch rate for stratum 3W was by far the highest of all
strata, averaging over 0.7 kg/km, while in the southeastern Chukchi  Sea
(strata lN and 1S) and the eastern portion of the northern Bering Sea
(stratum 3E), only trace amounts were encountered. Blue king crab were not
found at any of the stations fished in Kotzebue Sound (strata 20 and 21)
and Norton Sound (strata 40 and 41). The distribution of blue king crab
appeared to be associated with areas where depths exceeded 25 m and bottom
temperatures were less than 4“C.

Table VIII-62. --Estimated biomass and population size of blue king crab in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/OCS
survey, 1976).

Proportion P~pcnt~~n Mean weight
Percent Mean Estimated of total Estimated

frequency of
per

biomass
Strata

estimated
(k~rt;)~ (mt ) j

popul a ion
occurrence

estimated individual
biomass (Xlo ) population (kg)

Southeastern Chukchi  Sea and Kotzebue Sound

IN 3.4 0.011 19
1s 6.7 0.057 43
20 .- -. -.

21 -- -- -.

Norton Sound and Northern Bering Sea

w 59.4 0.702 1,529

3E 14.3 0.028 18
4k3 .- -- . .

41 .- -- -.

Al 1 strata
combined: 12. OV 0.192 l,60d

.012

.027
-.

. .

.950

.011
.-

--

3

130
-.

. .

3,379

40
-.

. .

3,58%

.009

.036
--

-.

.943

.011
.-

-.

.568

.336
--

.-

.453

.438
--

.-

.449

41 Mean catch per unit effort, kg/km trawled./ Percent occurrence in 192 successful hauls.
~ 95% confidence intervals: biomass--l25  - 3,092 mt; population--4O1,000  -6,762,000.

The apparent blue king crab biomass for the entire survey region was esti-
mated at over 1,600 mt (95% confidence interval 125-3,092 ret). Since
catches occurred along the western boundary of the survey area, it seas
likely that blue king crab stocks extended westward across the US-USSR
convention line toward the Chukotsk Peninsula. The extent of this westward
distribution is unknown, but since only relatively low catch rates
occurred along most of t~e surveyls western boundary, our biomass estimate
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BLUE KING CRAB
BLM/OCS BASELINE SURVEY /’..’,
SEFT -OCT 1976
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Fi~ure VIII-101 .--Distribution and relative abundance by weight of blue
- king crab in Norton Sound, the southeastern Chukchi Sea and adjacent
waters (BLM/OCS  survey, 1976).
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for the survey region should be fairly good. For the population sampled,
95% of the estimated biomass was found in stratum 3W. Of the remaining
portion, 3% was located in stratum 1S, all of which occurred near Bering
Strait.

The distribution of the estimated number of blue king crab was nearly
identical to apparent biomass. The total population estimate for the
entire survey region was about 3.6 million crabs (957. confidence interval
401 thousand-6.8 million crabs).

Size composition—Size composition data for blue king crab by sex and
stratum are shown in Figure VIII-103. Sizes ranged from 25 to 135 mm
carapace length, with females displaying a smaller mean size than males,
72.8 mm and 85.6 mm, respectively. There appeared to be two modes for
males at about 75 and 100 mu and only one major mode for females at about
75 mm.

Population estimates by size groups, strat~ and sexes are presented in
Table VIII-63. Small-sized males (<100 mm) comprised the majority of the
estimated population, accounting for 68% of all males and 38% of the
entire numb er estimate. Large females (>70 mm) were the next most
abundant size group, comprising 27% of the total estimated population
while intermediate sized males (100-125 mm) and small females ( <70 mm)
accounted for a further 14 and 15%, respectively. Small-sized males and
large females were present in all strata where blue king crab occurred.
Intermediate and large males were found only in stratum 31J. Overall, males
were
total

Table
sex

slightly more numerous than females and accounted for 56%’of the
population estimate.

VIII-63---Estimated population (X103) of blue king crab by stratum,
and size groups1/ in Norton Sound, the southeastern Chukchi  Sea, and

adjacent waters (BLM/OCS survey, 1976).

MALES FEMALES
All Au Sexes

Stratom <loozm! 100-125mm >125mm sizes <70mm ~1 Omm sizes combined

Southeastern Chukchi Sea and Kotzebue Sound

IN 16.6 16.6 16.6 16.6 3 3 . 2

1s 64.8 64.8 38.9 25.9 64.8 129.6

20

21 - .

Norton Sound and northern Bering Sea

3W 1,261.4 487.7 154.5 1,903.6 554.5 920.7 1,475.2 3,378.8

3E 27.3 27.3 - 12.8 12.8 40.1

46

41

~/ Carapace length (mm).

510



2E 02j

2M

02

2

2 20
U

-I- 1

00 120 2 20 100 420
U' 'U

I I .5J

rj

! :9ye

20 400 420
I _I__J I

.1
-I- 102'

2-
! :9ye

1

it
T :ee

0
O2

- 12

-1
52

Figure VIII-103 ---Size composition of blue king crab by sex and stratum in
Norton Sound, the southeastern Chukchi Sea, and adjacent waters (Bill/
OCS survey, 1976).
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Shell condition—New-shell crabs constituted the major portion of both the
male and female components of the blue king crab population (Table
VIII-60), comprising 86 and 91%, respectively. No molting blue king crabs
were observed.

E& clutch size—Since few females were caught during the entire survey,
information on blue king crab clutch size was quite limited. Of the 70 fe-
males examined, only 2 individuals in the 85-89 mm size group possessed
egg clutches (Table VIII-64).
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Table VIII-64 .--Number of female blue king crab by size of egg clutch and carapace

length and proportion of gravid females by size group (BLM/OCS  survey, 1976).

Carapace
length No. Trace- 1/4 1/2 3/4 Proportion
(mm) eggs 1/8 full Full Full Full Full with eggs

O-84

85-89

90-94

57

9

1 . .

-- -- -- -- 0.00

-- —

-- -- -- --

0.22

0.00

95-99 1 -- — -- -- -- 0.00

100-104 1 -- -- -- -- -- 0.00

105-109 -- -- -- -- -- -- --

110-114 1 - - - - - - — - - 0.00



Tanner crab (~. opilio)

Distribution and abundance--Tanner crab was the most abundant crab species
encountered, comprising 527. of the total biomass of commercially important
crabs and occurring at over 67% of the stations sampled (Table VIII-65).
The largest concentration of Tanner crab occurred in outer Kotzebue Sound
(stratum z~) (Figures VIII-10A and 105) where catch rates averaged 6.1
kg/km. Catch rates decreased to between 1.5 and 1.9 kg/km in the remaining
strata north of Bering Strait (strata IN, 1S, and 21), and further dropped
to 0.6 kg/km in the western portion of the northern Bering Sea (stratum
3W). In the remainder of the survey region, Tanner crab were caught only
in trace amounts. The overall mean catch rate for the entire survey area
was 1.1 kg/km trawled.

Table-65. --Estimated biomass and population size of Tanner crab (~. opilio)
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

PrO pOrt ion Proportion
Percent Mean Estimated of total Estimated

frequency of
of total Mean weight

CPUE ~/ biomass estimated popula ion
5

estimated
Stratum

per individual
occurrence (kg/km)– (ret) biomsss (x 10 ) population (kg)

Southeastern Chukchi  Sea and Kotzebue Sound

2N 93.1 1.549 2.619 . 30s 110,911 .365 .024

1s 100.0 1.658 1,254 .148 51,220 .168 .024

211 94.7 6.169 2,649 .312 74,114 .244 .036

21 62. S 1.932 586 .069 23,476 .051 .038

Norton Sound and northern Bering Sea

3tl 100.0 0.594 1,253 .152 49,262 ,162 .026

3E 64.3 0.069 42 .009 1,379 .005 .031

40 32.9 0.032 50 .006 1,627 .009 .031

41 5.9 T .4 T 8 T .046

AU strata
comb ined 67.221 1.08S 8,49# 303 997>1, .028

~/ Maan catch per unit effort. kg/km trawled.
~1 Percent occurrence in 192 successful hauls.
~/ 952 confidence interval: biomass-5,067-11, 922 mt; population--2 O8,259,000-399,  736,000.

The apparent total biomass for the entire survey region was estimated at
about 8,500 mt (95% ,confidence interval 5,067-11,922 ret). This estimate
may be somewhat suspect because of the possible influence of Tanner crab
in regions adjacent to the survey area. Relatively large catches of this
species occurred along the entire outer boundary of the survey area
in the southeastern Chukchi Sea. This suggests a continuation of Tanner
crab stocks into other waters, but an estimate of the size of this
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unsampled portion of the population is unknown. Of the population within
the survey area, over 627. of the estimated biomass was located in strata
IN and 2P combined. Another 30% occurred in strata 1S with most of the
remaining portion located in stratum 21.

The relative distribution of the estimated number of Tanner crab was very
similar to apparent biomass. Strata IN, 1S, and 2@ north of Bering Strait
accounted for nearly 78% of the total population estimate, or over 236
million crabs. Stratum 3W was the only region south of Bering Strait where
sizeable numbers of Tanner crab were present. The apparent population in
this stratum comprised 16% of the total population estimate of 304 million
crabs for the entire survey region (95% confidence interval 208.3
million-399.7 million crabs).

Size composition-- Size composition data for Tanner crab by sex and stratum
are presented in Figure VIII-106. Sizes ranged from 3 to 98 n-m carapace
width and females exhibited a larger size range (3-98 W) than males (7-87
mm) . Two modes in size composition were observed per sex. A major mode in
female size occurred at about 45-49 mm and for males at 40-49 mm while
minor modes for both sexes were observed at about 15-19 mm.

Mean size of Tanner crab varied slightly by sex and strata (Figure
VIII--106). Largest average size for both sexes occurred in strata 20 and
21, areas where few very small crab ( <25 nun) were encountered. Overall,
females were slightly larger (40.0 mm) than males (38.5 mm) based on data
for all strata combined.

Population estimates by size group, strata, and sex are presented in Table
V I I I - 6 6 . Small-sized males (25-64 mm) were the most abundant size group
found in the survey region. They represented 85% of the estimated male
population, and over 50% of the overall apparent stock. Similar size
females were the next most abundant group, comprising 86% of all females
and 28% of the overall total. Very small males and females (<25 nun)
together accounted for the majority of the remaining population, while
individuals of both sexes larger than 6“5 mn were found in only trace
amounts. Overall, males were more abundant than females, accounting for
about 67% of the total number of Tanner crab estimated for the entire
survey region.

Shell Condition--Shell age composition by region and sex for Tanner crab
and other crab species is presented in Table VIII-60. Overall, new shell
crabs comprised nearly the entire population accounting for over 99% of
the total. Skip molt and soft shell individuals were present, but in very
small amounts, and no molting crabs were encountered.

Egg clutch size—Size of egg clutch and the proportion of gravid females
by carapace width ars presented in Table VIII-67. Females without eggs
were present throughout nearly the entire range of sizes while the
smallest size group of Tanner crab which had egg clutches present was at
35-39 m. The proportion of gravid females per size group remained very
low for all sizes behween 35-54 mm and increased to about 8% for
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individuals in the 55-59 mm size range. Gravid females comprised the
majority of individuals larger than 59 mm; however, only a few of the
larger specimens were encountered during the survey.

No gravid female Tanner crab were captured in either Norton or Kotzebue
sounds.

Table VIII-66. --Estimated population (xl G
u) by stratum

~,) flf Tanner crab (Chionoecetes
, sex and size group- ln Norton Sound, the south-

eastern Chukchi Sea, and adjacent waters (BLM/OCS survey, 1976).

N&Es FsMALss

All
Stratum

All Sexes
<25mm 25-64= >65mm sizes <25mm 25-64rnm >65mm aizee combined

Southeastern Chukchi Sea and Kotzebue Sound

lN 14.9 59.9 0.8 74.8 5.4 30.8 T 36.2 111.0

1s 5.9 28.5 0.4 34.8 3.8 12.6 16.4 51.2

Z@ 1.3 48.0 0.3 49.6 0.6 23.9 24.5 74.1

21 6.4 0.1 6.5 8.9 8.9 15.4

Norton Sound and northern Bering Sea

3U 6.8 28.8 .- 35.9 4.0 9.4 T 13.4 49.3

3E T 1.1 1.1 T 0.3 0.3 1.4

46 0.1 0.9 1.0 0.1 0.6 0.7 1.7

41 T T T

&/ @rapacetidth  (mm).
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Table vIII-67. --Number of female Tanner crab by size of egg clutch and
carapace width and the proportion of gravid females by size group
(BLM/OCS survey, 1976).

Carapace Trace- Proportion
width No 1/8 1/4 1/2 3/4 with
(mm) ge gs Ful 1 Full Ful 1 Full Full eggs

o-34

35-39

40-44

45-49

50-54

55-59

60-64

65-69

70-74

75-79

80-84

85-89

90-94

95-98

1,532

498

1,437

2,246

1,134
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Distribution, Abundance, and Biological Features
of Principal Species of Snails

Nearly 50 species of snails were collected during the 1976 baseline study
of the Norton Sound-southeastern Chukchi  Sea region. Of these species, a
few occurred in relatively substantial amounts. In this section are
descriptions of the distribution, abundance, and size composition of the
four most abundant snail species (by weight) encountered during the
survey. These species together comprised over 95% of the total estimated
snail biomass.

Neptunea heros

Distribution and abundance—Neptuneaheros was by far the most abundant
snail species encountered. It occurred at over 61% of the demersal
stations sampled (Table VIII-68) and accounted for 75% of the total
apparent biomass of all snail species combined (5% of the entire
invertebrate biomass). Largest concentrations of ~. heros were found in
the southeastern Chukchi  Sea (strata lN and 1S) and in inner Norton Sound
(stratum 41) (Figures VIII-107 and 108) where catch rates averaged about
2.8 kg/km. Mean catch rates decreased to about 2.3 kg/km in inner Kotzebue
Sound and the eastern portion of the northern Bering Sea (strata 21 and
3E , respectively) and further dropped to between 0.6-1.0 kg/km in the
remainder of the survey region. Overall, the mean catch rate for the
entire survey area was over 1.7 kgikm trawled.

Table VIII-68. --Estimated biomass and population size of Neptunea heros
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

P:Por:~ Proportion Mean weight
Percent Mean Estimated Estimated of total per

frequency of biomass estimated population estimated individual
Strata occurrence (k$;i)~j (ret) biomass (X103) population (kg)

Southeastern Chukchi  Sea and Kotzebue  Sound

lN 75.9 2.802 4,739 .325 47,200 .347 .100

1s 60.0 2.719 2,056 .141 21,906 .161 . !394

20 26.3 0.654 281 .019 2,683 .Cs20 .105

21 75.0 2.183 662 .045 8,589 .063 .077

Norton Sound and Northern Bering  Sea

3H 84.4 1.201 2,616 .180 23,719 .174 .110

3E 85.7 2.330 1,426 .098 9,859 .072 .145

4fi 48.3 0.986 1,313 .090 8,709 .064 .151

41 82.4 2.777 1,475 .101 13,358 .098 .111

Al I strata
combined: 64. # 1.739 ‘ 14,560 136,023Y .108

i
1 klean  catch per unit effort, kglkm t raw led .

Percent occurrence in 192 successful hauls.
~ 95% confidence interval: biomass-- 9s992  - 19,144mt;  population--92,242,000 - 179,807,000.
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Figure VIII-107. --Distribution and relative abundance by weight of
Neptunea heros in Norton Sound, the southeastern Chukchi Sea and
adjacent waters (BLJ1/OCS survey, 1976).
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The apparent biomass of ~. heros in the entire survey area was estimated
at aboue 14,500 rnt (95% confidence interval 9,992-19,144 ret). This is a
minimum estimate for the survey region, since snails are burrowing animals
and some unknown portion of the population may have occurred slightly
below the sea bed surface, thus being unavailable to the trawl. Addition-
ally, relatively large catches of this species occurred along the outer
boundary of the survey area in the southeastern Chukchi Sea. This suggests
a continuation of g. heros stocks into non-survey waters. Of the
population within the survey area, over half of the total estimated
biomass was found in strata lN and 3W, offshore and where depths generally
exceeded 25 m. A further 9-14% occurred in strata 1S, 3E, 40, and 41.
Nearly the entire biomass estimated for stratum 40 (outer Norton Sound)
was located in a small portion of the northeast section of this region.
Only about 6% of the total estimated biomass occurred in strata 20 and 21
combined.

The relative distribution of estimated numbers of ~. heros did not differ
greatly from apparent biomass. Strata lN and 3W together contained 52% of
the total population, or an estimated 71 million snails. An additional 16%
was estimated present in stratum 1S while all other strata contained
between 2-lCY%. The total overall population estimated for the survey
region was about 136 million snails.

Size composition, mean length and weight--~. heros collected during the
survey ranged in shell length from 22-197 mm. Females generally were
larger than males, averaging 102.5 m compared to 96.2 mm for all strata
comb ined (Figure VIII-109). Intermediately-sized (90-115 mm) males and
females were the most abundant groups in nearly all strata (Table VIII-69)
and represented over 60% of the overall apparent population. Small ~.
h eros (<90 ~) were the next most abundant size group and were found
mostly in the northern and westernmost areas of the survey region in
strata lN, 1S, and 3W.

Table VIII-69 .--Estim ted population (X106) of Neptunea heros by stratum,
sex and size groupl7 in Norton Sound, the southeastern Chukchi Sea, and
adjacent waters (BLM/OCS survey, 1976).

MALES FEUALES

Sexes
S cratua <9&Ul! 90-l15m >llsml Total <90mm 90-l15if!al >Ilsm Total COQ5 ined

Southeastern Chukchi Sea and Kotze!me Sound

u 3.4 18.3 2.3 24.1 2.6 12.5 7.4 22.5 46.5

23 6.3 8.9 0.2 15.3 3.8 6.2 0.9 10.0 25.4

20 0.6 1.0 0.1 1.5 T 0.3 0.8 1.1 2.7

21 2.4 2.0 0.4 4.8 1.8 1.5 ‘ 0.7 3.8 8.7

MXCOU Sound and northern BarinR  sea

Zii 3.4 9.4 0.6 13.4 2.7 5.0 2.5 10.2 23.5

3E 1.3 4.5 m 0.2 6.0 0.3 3.0 1.0 4.3 10.3

40 0.9 1.7 1.2 3.9 1.0 1.5 2.3 4.8 8.7
41 1.8 4.8 0.s 7.1 1.2 3.1 2*O 6.3 13.4

&/ Shell length (mm).
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Mean weight per individual was noticeably higher in all strata south of
Bering Strait than to the north. Average weights of ~. heros in strata 3W,
3E, d, and 41 were about 129 gm while in strata lN, 1S, 20, and 21
individual weights averaged 94 gm. The overall average weight of ~. heros
was about 108 gm.

Neptunea ventricosa

Distribution and abundance--Neptunea ventricosa was the second-most abun-
dant snail species encountered, occurring at nearly 56% of all stations
sampled (Table VIII-70) and comprising about 14% of the total snail
biomass. Dense concentrations of this snail species were not encountered
in the survey region, although highest average catch rates of about 0.6
kg/km occurred in the southern portion of the southern Chukchi Sea and the
eastern part of the northern Bering Sea (strata 1S and 3E, respectively)
(Figure VIII-11O and 111). Average catch rates dropped to between
0.2-0.4 kg/km in the remaining portion of the southeastern Chukchi and
northern Bering seas and in Kotzebue Sound (strata lN, 3E, 2~, and 21) and
further decreased to 0.1 kg/km in Norton Sound (strata 4@ and 41). The
overall mean catch rate for the entire survey area was 0.3 kg/km trawled.

Table VIII-70. --Estimated biomass and population size of Neptunea ventricosa
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

Proportion Proportion Mean weight
Percent Mean Estimated of total Estimated

frequency of CPUE
of total per

biomass
Strata (kg/ km)~/

estimated
occurrence (ret)

powd:$;on estimated individual
biomass population (kg)

Southeastern Chukchi  Sea and Kotzekue Sound

IN 55.2 0.424 717 .2?1 10,815 .319 .066

Is 53.3 0.599 453 ,171 5,714 .168 .079

20 26.3 0.274 118 .044 1,394 .041 .085

21 100.0 0.252 76 .029 1,048 .031 .073

Norton Sound and Northern 8eri ng Sea

3H 75.0 0.340 741 .280 8,008 .236 .093

3E 85.7 0.576 353 .133 4,099 .121 .086

40 39.7 0.083 111 ,042 1,209 .036 .092

41 64.7 0.148 79 .030 1,636 .048 .048

Al 1 strata
combined: 55.721 0.316 2,64~ 33,92@ .078

1/ Mean  catch per unit effort, kg/km trawled.
~ Percent occurrence in 192 successful hauls.
~ 95% confidence interval: biomass--l,8l 1- 3,48S mt; population--2 l,5l1,000 - 46,335,000.
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The apparent biomass of ~. ventricosa in the entire survey region was
estimated at over 2,600 mt (95% confidence interval 1,811-3,485 ret).
Nearly 86% of this amount was located in strata IN, 1S, 3W, and 3E
combined, where depths generally exceeded 25 m. The remaining portion of
the estimated biomass was almost equally distributed among all other
strata which were more inshore and had depths generally less than 25 m.

No substantial difference was observed between the distribution of
apparent biomass and estimated numbers. Approximately 84% of the estimated
population of ~. ventricosa was found in strata IN, 1S, 3E, and 3W. The
total population estimated for the entire survey region was about 34
million snails.

Size composition, mean length and weight--~. ventricosa collected during
the survey ranged from 47 to 117 mm in shell length (Figure VIII-112). Fe-
males usually were larger than males, averaging 80.0 mm compared to 72.6
mm. Nearly the entire observed population were small or inter-
mediate-sized snails (< 115 mm). The largest portion of small individuals
(<90mm) was found north of Bering Strait in strata IN and 1S (Table
VIII-71) while the greatest numbers of intermediate-sized individuals
(90-115 mm) were located south of Bering Strait in strata SW and 3E.

Mean weights per individual were fairly consistent throughout the survey
region and averaged 78 gm.

Table VIII-71 .--Estim ted population (X106) of Neptunea ventricosa by stratum,
17sex and size group- in Norton Sound, the southeastern Chukchi Sea, and

adjacent waters (BLM/OCS survey, 1976).

MALES FEMALES

Sexes
Stratum <90am 90-l15mnl >l151Nn Total <9Gmu 90-l15m.m >llsmm Total combined

Southeastern C1-.ukchi  Sea and Kotzebue Sound

lN 4.1 0,4 4.5 4.3

1s 1.9 0.5 2.3 2.2

20 0.3 0.5 0.8 T

21 0 ,2 0 .1 0 .3 0 .5

Norton Sound  and northern Bering Sea

3!4 2.7 1.0 3.7 1.5

3E 1.1 0.3 1.4 0.8

4fl 0.3 0.1 0.4 0.1

4X 0.8 T 0.8 0.7

1 .9

1 .0

0 .6

0 .2

2.6

1.6

0.6

0.2

T

0.1

T

6.2

3.2

0.6

C.7

4.2

2.4

0.7

0.8

10.7

5 .5

1 .4

1 .0

7.9

3.7

1.1

1.7

l_/ Shell length (mm).
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Beringius beringii

Distribution and abundance—Beringius beringii was frequently encountered
during the survey, occurring at nearly 47% of all stations (Table VII-72),
but comprised less than 4’% of the total apparent snail biomass. Moderate
concentrate ions were found in small isolated locations throughout the
survey area (Figures VIII-113 and 114) at depths usually less than 25 m.
Largest catches occurred in inner Kotzebue Sound (stratum 21) where catch
rates averaged nearly 0.3 kg/lan. Mean catch rates dropped to about 0.2
kg/km in outer Kotzebue Sounc’ (stratum 20) and further declined to 0.1
kg/ion in the eastern portion of the northern Bering Sea (stratum 3E) and
in Norton Sound (strata 40 and 41). Only trace amounts were found in the
remainder of the survey region. Overall, the mean catch rate for the
entire survey area was about 0.1 kg/km trawled.

Table VIII-72 .--Estimated biomass and population size of Beringius  beringii
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).’

P~fporrJn Proportion Mean weight
Percent Mean Estimated Estimated of total per

frequency of biomass estimated
Strata

popula ion
(k~~m)A/ (ret) !

estimated individual
occurrence biomass (Xlo ) population (kg)

Southeastern Chukchi  Sea and Kotzebue Sound

IN 51.7 0.079 134 .183 1,399 .155 .096

1s 20.0 0.047 36 .049 354 .039 .102

20 52.6 0.155 67 .092 829 .092 .081

21 62.5 0.271 82 .113 1,113 .123 .074

Norton Sound and Northern Bering Sea

3W 40.6 0.061 133 .182 2,093 .232 .064

3E 28.6 0.135 83 .114 830 .092 .100

4il 50.0 0.101 136 .185 1,465 .162 .093

41 64.7 0.114 61 .083 938 .104 .065

Al 1 strata
combined: 4$5. $z~ 0.087 7 $2Y 9,02@/ .082

1/ Mean catch per unit effort, kg/km trawled.
~ Percent occurrence in 1’22 successful hauls.
3J 95% confidence intervals: biomass-- 435- 977 mt; population--6, 183,000- 11,863,000.

The apparent biomass of B. beringii  for the entire survey region was esti-
mated at about 730 mt (9?L confidence interval 485-977 ret). This estimated
biomass was fairly evenly distributed throughout most of the survey
region. Of the estimated biomass, 187. was located in each of three strata,
IN, 3W, and 40; 11% each in strata 21 and 3E; and 8-9% in strata 2@ and
41. Less than 5% of the total estimated biomass occurred in stratum 1S.
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Figure VIII-113 .--Distribution and relative abundance by weight of
Beringius beringii in Norton Sound, the southeastern Chukchi Sea and
adjacent waters (BLM/OCS survey, 1976).
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The relative distribution of estimated numbers of ~. beringii generally
was similar to apparent biomass. The total population estimated for the
entire survey region was 9 million snails.

Size composition, mean length and weight —~. beringii collected during the
survey ranged in shell length from 47-147 mm. Females appeared to be
larger than males, averaging 107.9 mm compared to gft.s mm (Figure
VIII-115). Intermediate-sized males and females (90-115 mm) were the most
abundant groups in most strata (Table VIII-73). They represented nearly
60% of the overall apparent population. Small-sized (<90 m) and large
(>llS ~) snails ~Omprised  about equal proportions  of the remaining

number estimated. For all strata combined, small males outnumbered similar
sized females and for the intermediate and large size groups,females were
more numerous than males.

Overall, the average weight of~. beringii was 82 gm.

Table VIII-73---Estimated population (X105) of Beringius  beringii by stratum,
sex and size groupl/ in Norton Sound, the southeastern Chukchi Sea, axial
adjacent waters (BLM/OCS survey, 1976).

MALES FSMAL.ES

Stratum <90 m 90-l15m
Sexes>115m Total <90rmq 90-l151mn J115MM Total comb  lncd

Southeastern Chukchi  Sea and Kotzebue  Sound

lN 1.3 4.4 0.2 5.9 0.6 2,3 6.4 7,4 13,2

I s 0.1 1.7 0.3 2.0 - 0.7 0.7 1.4 3.4

2$ 0.1 6.0 0.1 6.2 - 1.5 0.5 2.0 8.1

21 1.2 2.3 3.5 1,7 6 ,1 3*5 8 .7 12.3

Norton Sound and northern Bering Sea

3W 5.2 1.8 0.4 7.4 2.7 9.7 1.8 14,2 21.6

3E 0.7 1.9 1.6 4.2 0.6 1.8 1.8 4.2 8.5

40 1.6 3.8 0.1 5.4 1.0 .5.0 2,7 8.7 1.4.1

41 3.3 1.2 4.5 1 .5 2.2 0,7 4 .5 9.0

Al Shell length (mm).
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Pyrulofusus de formis

Distribution and abundance—~. deformis was infrequently encountered dur-
i ng Che survey, occurring at only 17%. of the stations sampled (Table
VIII-7A) and accounting for less than 3% of the total snail biomass. Its
distribution was fairiy localized (Figures VIII-116 and 117) with highest
catch rates occurring in the northern Bering Sea (strata SE and 3W). Only
trace amounts were encountered in most of the remaining survey area with
no catches obtained in the southern portion of the Chukchi Sea (stratum
1s). Overall, the average catch rate for the entire survey area was less
than 0.1 kg/km trawled.

The apparent biomass of ~. deformis was estimated at 526 mt (95%
confidence interval 211-913 mt) for the entire survey area. Most (70%) of
this amount was located in strata 3W and 3E combined. These strata also
contained the majority (65%) of the total population estimate of about 3.4
million snails.

Table VIII-74. --Estimated biomass and population size of Pyrulofusus deformis
in Norton Sound, the southeastern Chukchi Sea, and adjacent waters (BLM/
OCS survey, 1976).

Proportion Proportion Mean weight
Percent Mean Estimated of total Estimated

frequency of
of total per

biomass estimated
Strata (k;~&~/ 5

popula ion estimated individual
occurrence (ret) biomass (Xlo ) population (kg)

Southeastern Chukchi Sea and Kotzebue Sound

IN 6.9 0.048 82 .145 863 .164 .095

1s .- -- -- -- -. -- . .

20 5.3 0.056 24 .043 427 .081 .057

21 25.0 0.074 23 .@lo 287 .055 .078
Norton Sound and Northern Bering Sea

3M 34.4 0.108 237 .422 2,255 .430 .105
3E 21.4 0.258 158 .282 1,141 .218 “. 139

40 20.7 0.024 33 .I)59 238 .fJ45 .139

41 11.8 0.008 5 .008 33 .006 .145

All strata
combined: 17.21 0.067 56& 5,24& .108

1 Mean catch per unit effort, kg/km trawled
4J Percent occurrence in 192 successful hauls.
3J 95% confidence interval: biomass--2ll  - 913mt; population--2,1  l5,000-  8,373,000.
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Size composition. mean length and weight--~. deformis collected during the
survey ranged from 52-157 mm in shell length. Females were slightly larger
than males, averaging 109.5 mm compared to 102.5 mm (Figure VIII-118). By
size groups, intermediate - sized males and females (90-115 mm) were the
most abundant groups in the survey area, together comprising 82% of the
&otal estimated population (Table VIII-75).

The average size of ~. deformis was markedly different north and south of
Bering Strait. In strata lN, 1S, 21, and 20, average shell length ranged
from 78-98 mm and the average weight was about 77 gm. South of Bering
Strait in strata 3W, 3E, 40, and 41, mean shell sizes ranged from
108-122 mm and individuals were much heavier, weighing an average of
132 gm.

Table VIII-75 .--Estimated popyjation (X105) of Pyrulofusus deformis by
stratum3 sex and size group- in Norton Sound, the southeastern Chukchi
Sea, and adjacent waters (BLM/OCS survey, 1976).

MALES FEXAI.ZS

Sexes
Stratux <90ULU 90-l15zm >l15zlm Total <90mm 90-l15mm >llsmll ToCal ccxbined

Southeastern Chukchi Sea and Kotzebue Souna

ZN Lo 6.1 7.0

1s

2t3 1.4 1.4

21 2.7 - 2.7

Norton Satntd and northern Bering Sea

3V 0.9 7.9 0.2 9.0

3E 0.5 1.0 2.2 3.6

4b 0.3 0.6 0.1 1.0

41

2.8

1.6

0.2

0.2

1.2

1.4

6.1

1,7

0,3

0.3

1.2

2.8

0.5 3,4

4.8 11.0

2.7 4.6

0.5 0.9

T 0.3

8 . 2

4 . 2

6 .1

20.1

8 .2

1 .9

0 .3

&/ Shall length (a).
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RESULTS OF THE GILLNET SURVEY

A total of 33 gillnet stations were completed during the survey. These
included 22 stations located throughout the survey region (Figure VIII-
119) to qualitatively determine the general distribution of comon
near-surface fish species. The remaining 11 were made in an attempt to
determine the relative matchability of the gillnets  by day and night as
well as establish whether 2, 4, or 8 hour soak-times were the most
effective means of obtaining (and retaining) fish.

Analysis of day-night and variable-time gillnet sets was not performed
because extremely small catches were obtained during those sets.

All gillnet operations proved most unproductive. Catches were small,
ranging from approximately 70 fish to no catch, Individual gillnet station
catches are listed in Appendix C. Gillnet  sets made in the shallower
inshore areas of the survey region generally caught more fish than those
made over deeper, offshore waters. All fish were taken in the smaller mesh
sizes, i.e., 21-42 nnn mesh. The 42 mm shackle caught the greatest amounts
of all mesh sizes.

Of the 12 fish species obtained during gillnet operations (Table VIII-76),
Pacific herring was by far the most abundant, occurring in 45% of all sets
and comprising over t$8% of all fish caught by gillnet. Largest catches OC-
curred in Kotzebue Sound (Figure VIII-120).

Table VIII-76. --Numbers of fish by species taken by various mesh sizes
during gillnet operations in Norton Sound, the southeastern Clwkchi
Sea, and adjacent waters (BL1l/OCS survey, 1976).

SPECIES
STRETCHED MSSH SIZE (mm)

21 35 42 64 83 114 113 Total

CLUPEIDAE
Pacific herring

OSMZRIDAE
Toothed smelt
Pond smlt

SALMONIDAB
Xing salmon
Chum salmon
Arctic char
Bering cisco
Pink salmon

PLEURONECTIDAE
Starry flounder

COTTIDAE
Arctic staghom sculpin
Myoxocephalus  SPP*

G4DIDAE
Saffron cod

TOTAL

13 69 114

40 2 2
1

3 2
11
81

1 6 1

1

2 2:

1 2 2

196

44
1

5
6
9

3 3
8

2

2 2

1

5

55 83 132 7 4 3 2 286
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Size of Pacific herring captured varied, of course, by mesh size (Figure
V I I I - 1 2 1 ) . Pacific herring taken in the 21 rmn shackle ranged in length
from 9-18 cm and averaged about 13.8 cm. Fish caught with the 35 and 42 mm
mesh nets had similar size ranges (15-24 cm and 16-24 cm, respectively),
as well as average lengths (18.8 cm and 20.3 cm, respectively). Overall,
the mean size of Pacific herring caught in the gillnets was about 19.4 cm,
over 1.5 cm larger than the average size caught in the demersal  trawls.

Toothed smelt was the second-most abundant species encountered in the
gillnets. It occurred in 277. of the sets, mostly in more nearshore areas
(Figure VIII-122), and accounted for about 15% of all fish caught. Again,
all individuals were captured with the three smallest-sized meshes (Table
VIII-76) with the 21 mm shackle accounting for over 90% of all fish
caught. Overall, sizes ranged from 12 to 24 cm and averaged nearly 15.7 cm
(Figure VIII-121), slightly more than trawl-caught fish.

Arctic char and pink, chum, and king salmon, four members of the family
Salmonidae, were the third through sixth-most abundant species encountered
during the gillnet operations. None of these species, however, had a total
survey catch exceeding nine individuals. The length, weight, sex, and age
(when available) for each salmonid caught during the survey are presented
in Table VIII-77. Gillnet set catches are indicated in Figure VIII-123.

Other species caught during gillnetting included pond smelt, Bering cisco,
starry flounder, Arctic staghorn sculpin, shorthorn sculpin, and saffron
cod .

In general, Pacific herring appeared to be the most abundant fish species
occurring near the sea-surface in the survey region. The relative
abundance of salmon may have been low since nearly the entire adult
population had already completed their spawning migration into the river
systems around the survey region. Information from the gillnet commercial
fishery (Louis Barton, ADFM, personal Communication)  suggests that

gillnet surveys performed earlier in the season probably  Would have

encountered substantial numbers of adult soalmon (and char).
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Table VIII-77 .--Age, length, and weight by sex of members of family Salmonidae
captured by gillnets  in Norton Sound and the southeastern Chukchi  Sea
(BLM/OCS survey, 1976).~/

Len~th Wc~ght

Species Sex ( cm) (kg) Age

Chum salmon Female 56.0 2.800 *• 2~/
II II 60.5 3.550 0.3
1} lf 61.0 3.600 0.3
8! Male 61.0 3.600 0.3
1? It 63.6 4.200 0.4
u Juvenile 17.8 0.!)53 0.0

King salmon Juvenile 22.1 0.133 1.0
tt It 18.3 0.053 1.0
w 22.6 0.121 2.0
19 Fem~~@ 77.9 6.700 1.3

Ptnk salmon Juvenile 16.8 0.056 0.0
91 u 22.5 0.121 —

Bering cisco
1:
W

Arctic char
II
tl
n
w
M
II
St
tl

Male

Female
01

Male
19

11

II

1*

tt

35.3
37.0
34.6

25.3
25.3
24.2
24.2
25.9
24.5
24.6
25.9
25.5

0.505
0.607
0.531

0.177
0.150
0.116
0.116
0.180
0.157
0.I.55
0.185
0.163

—
—

—
.-
—
—
—
—
—
—
—

Small juveniles of some species were unmeasurable because they were
damaged when removed from the gillnet.

Freshwater annuli “ Ocean annuli.

Trawl caught.
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RESULTS OF THE PELAGIC SURVEY

Hydroacoust ical sounding revealed no extensive off-bottom fish concentra-
tions. Time limitations and equipment malfunctions restricted pelagic
trawl operations and resulted in only 8 sets (Figure VIII-124) for the
entire survey.

Catches were extremely small and provided limited qualitative information.
The largest pelagic trawl catch (15 fish) occurred near the entrance to
Kotzebue Sound and included toothed smelt, saffron cod, Arctic char, and
juvenile pink salmon.

,.

,,

.,
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IX

FISH AND SHELLFISH RESOURCE INFORMATION FROM HISTORICAL SURVEYS

Prior to the 1976 survey, only three investigations were made which pro-
vi ded information on the distribution and abundance of fish and/or shell-
fish in or near the 1976 BLM/OGS study area. These were: an exploratory
fishing survey by the Soviet Union in Siberian waters of the Bering and
Chukchi Seas in 1933-34 (Andriyashev, 1937); an exploratory fishing survey
by the U.S. Fish and Wildlife Service in Norton Sound and north of St.
Lawrence Island in 1948-49 (Ellson et Q., 1950); and, AEC sponsored
studies (Project Chariot) of the Cape Th~pson region in 1959 (Wilimovsky,
1966). Data from the 1933-34 and 1948-49 investigations were too general
to be of use as baseline material, while the AEC studies provided a
considerable amount of earl ier information on marine fish and inverte-
brates for Alaskan waters north of the Bering Sea. Sparks and Pereyra
(1966) and Abbott (1966) described the invertebrate fauna from the AEC
survey, and studies of the marine fish community were documented by
Alverson and Wilimovsky (1966). Although the quantity of fish taken during
the AEC study was quite limited (less than 200 kg), a relatively
substantial amount of abundance, distribution, and size composition
information was obtained. Unfortunately, little or no detailed abundance
and size composition data were reported for the invertebrates. Addition-
ally, much of the area examined during the AEC work was located north of
our 1976 survey region. In as much as the AEC data provides about the only
detailed assemblage of information on marine fish stocks of the far
northern waters off Alaska, a review of these data should provide valuable
comparisons with results from the 1976 BLM/OCS survey.

This section of our report presents a brief summary of information from
the AEC Project Chariot studies on the distribution, abundance, and size
and age composition for those fish species examined in detail during the
1976 survey.

Catches from the 1959 AEC work were recorded in numbers caught per trawl
haul and very little age data were obtained. To provide some comparability
between 1959 catch data and our study results, overall species catch rates
were converted to kg/km trawled. This conversion to kg/km was performed
by multiplying the overall average number caught by a mean weight per
individual from the 1976 data and assuming a standard trawling distance of
2.5 nautical miles or 4.6 km/hr.

Approximations of the relative abundance of age groups were determined by
applying age-length keys from the 1976 data to numbers of fish per size
interval in the 1959 length-frequency samples. The assumptions used in
converting the earlier data into a format comparable to the 1976
information are quite broad. It is felt however, that these conversions
should provide reasonable estimates of general conditions observed during
the AEC study.
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Rank Order of Abundance of Fish and Invertebrates

Analysis of the demersal  trawl and bottom dredge data from the AEC survey
indicate that over 220 invertebrate and 40 marine fish species were
encountered in the southeastern Chukchi Sea during July-August 1959.

Decapod crustaceans were the most abundant and frequently encountered
invertebrate taxa in the region (Table IX-l). Representatives of this
group were present in all but one of the demersal sites smnpled and
comprised an estimated 23% of all invertebrates captured. Dominant forms
included crangonid and hippolytid shrimp and hermit and Tanner (~. opilio)
crabs. Other components of the invertebrate community which were encoun-
tered at over half the stations sampled included: starfish, gastropod and
pelecypod  molluscs, amphipod crustaceans, ophiuroideans,  annelid worms,
anthozoan coelenterates, and ascidians.  These other components accounted
for an additional 58% of the total number of invertebrates caught.

Only three fish species, Arctic cod, Arctic staghorn sculpin, and Bering
flounder were present in over half of the demersal trawl catches (Table
IX-2). Other fish taxa encountered in several trawl catches (32 to 45%)
included ribbed sculpin, unidentified eelpouts, and two cottid species
from the genera Artidellus and Myoxocephalus. Of the twenty fish taxa most
frequently encountered during the 1959 AEC study, seven were representa-
tives of family Cottidae.

Distribution and Biological Features of Certain Fish Species

Arctic cod--Arctic cod was the most frequently encountered and by far the
most abundant fish species captured during the 1959 trawl survey. It
occurred in nearly 72% of the demersal trawl stations and comprised 59% of
the total number of fish taken. Relatively high abundance (> 100 indivi-
duals/hour trawled) was found throughout a wide area from south of Pt.
Hope to north of Cape Lisburne (Figures IX-1 and 2) with maximum catch
rates approaching 2000 fish/hour. Relat~ve  abundance was fairly low with
the southern portion of the area surveyed (Cape Thompson to the Seward
Peninsula) having trawl catches never
Overall,

exceeding 50 fish/hour trawled.
the average catch rate for the entire 1959 survey was slightly

1 .
.ess than 59 fish/hour or, in terms of weight per distance, an estimated
0.20 kg/km trawled.

Size composition information from the AEC study indicated Arctic cod found
in the southeastern Chukchi Sea during the summer of 1959 ranged in length
from 9 to 31 cm and averaged 15.9 cm (Figure IX-3). Two modes were
observed in the length frequency samples, at 10-13 cm and 15-20 cm. The
latter mode included nearly 70% of all fish measured.

Comparisons of the 1959 size data with the 1976 survey north otolith area
age-length key suggest that 1 to 6 year old Arctic cod were present in the
AEC study area and age groups 2-4 were dominant. The dominant age groups
comprised an estimated 87% of all individuals examined. Only 4% of the
fish subsampled from the AEC catches appeared to be 1 year olds and no age
group O Arctic cod were thought to be present.
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Table M-l ---Rank order by frequency of occurrence and relative abundance
of the 20 most common invertebrate taxa in the southeastern Chukchi
Sea (AEC survey, 1959). (Adapted from Sparks and Pereyra, 1966).

Percent frequency Relative
Rank Taxon of occurrenceii abundance indedl

1

2

3

4

5

6

7

8

9

IQ

11

12

13

14

15

16

17

18

19

20

Dacapod  crustaceans

Starfish

Gastropod molluscs

Amphipod crustaceans

Pelecypod molluscs

Omphiuroidean  ec~noderms

Annelid worms

Anthozoan collenterates

Ascidians

Holothuroidean  echinoderms

Echinoidean  echinoderms

Cfrripedia crustaceans

Scyphozoa coelenterates

Bryzoans

Sponges

Hydrazoan coelentrates

Sipunculoidea  (coelomate  worms)

Nemertian worms

Isopod crustaceans

Amphineuramollus cs

98.6

77.0

70.3

67.6

63.5

62.2

56.8

56.8

55.4

41.9

32.4

32.4

29.7

27.0

23.0

21.6

20.3

18.9

23.5

20.8

5882.5

2253.4

1064.5

1039.0

1422.5

2797.5

2048.0

1267.1

2715.O

1354.0

922.5

625.0

485.0

377.7

664.0

286.4

59.1

47.5

25.0

51.4

I-/ Number of sampling stations (trawls or trawls and dredge): 74.

~/ Total number”of animals present in all samples adapted from rank key

presentedby Sparks and Pereyra (1966).
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Table IX-2 .--Rank order by catch rate (numbers/trawl) and frequency of
occurrence (percent) of the 20 most common fish taxa in the southeastern
Chukchi Sea (AEC survey, 1959) (adapted from Alverson and Wilimovsky,
1966) .

Proportion Percent~p~t
of total frequency of

Rank Taxon (No./trawl) cPU&./ occurrence

1

2

3

4

5

6

7

8

9

10

11

12

13

14

ls

16

17

18

19

20

Arctic cod

Arctic staghom sculpin

Bering flounder

Cspelin

Artediellus sp.

Ribbed sculpln

Toothed smelt

Myoxocephalus sp.

Saffron cod

Unidentified eelpouts

Unidentified snailfish

Sturgeon poacher

Leister sculpin

Slender eelblenny

Stout eelhlenny

Yellowfin sole

Triglops  Sp.

Pacific herring

Unidentified sea poachers

Eyeshade sculpin

58.98

10.58

4.30

4.04

3.68

2.11

1.96

1.35

1.32

L 18

1.05

0.89

0.63

Q.60

(1.58

0.54

0.53

0.49

0.46

0.19

0.586

0.105

0.043

0.040

0.037

0.021

0.019

0.013

0.013

0.012

0.010

0,009

0.006

0.006

0.006

0.005

0.005

0.005’

0.005

0.002

71.9

68.4

61.4

22.8

43.9

45.6

22.8

33.3

24.6

43.9

31.6

24.6

22.8

24.6

22.8

14.0

14.0

14.0

28.1

14.0

~/ Overall catch per unit effort, no.itrawl. Total effort = 57 trawls.

~i Proportion of total catch per unit effort, fish only. Total CPIJE =
100.63 fishil hr. trawl haul.
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Figure IX-1. --Distribution and relative abundance by numbers of Arctic
cod in the southeastern Chukchi Sea during 1959.
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Bering flounder--This pleuronectid was the third-most abundant fish spe-
cies encountered in 1959, and occurred at over 61% of all stations
sampled. Even though only two other species were captured in greater total
numbers, the entire Bering flounder catch during the AEC survey was merely
252 fish, or 4% of the total number caught. Highest relative abundance was
located off Pt. Hope (Figures IX-4 and 5). Overall, the average catch rate
for this species was only 4.3 fish/hour trawled or, in terms of weight
caught per distance, 0.08 kg/km. Pruter and Alverson (1962) indicated that
during the 1959 study, most Bering flounder catches were associated with
areas of relatively low temperature (2.6-3.6°C) and depths greater than 44
m.

Bering flounder measured during the 1959 survey of the southeastern
Chukchi Sea ranged between 14 and 26 cm in length and averaged 19.9 cm
(Figure Ix-3). Most fish (64%) were in the 19-21 cm size range. pruter and
Alverson  (1962) indicated an overall range in age of 6 to 13 years for
Bering flounder in the AEC catches with individuals in the 19-21 cm size
interval being mostly 8 and 9 year olds. Additionally, nearly all
specimens were mature. This seems to contradict statements made earlier by
Andriyashev (1937) regarding Bering flounder obtained during 1933-34
Soviet surveys of the Chukchi Sea. All specimens obtained during the
Soviet studies were juveniles and ranged in length from 6 to 14 cm.
Differences between the samples obtained during the AEC work and Soviet
investigations probably were due to differing survey areas. The very early
data described by Andriyashev (1937) came from Asian waters of the Chukchi
Sea, a region known to possess colder water temperatures than those found
off the coast of Alaska.

Toothed smelt--Very few toothed smelt were taken in the southeastern
Chukchi Sea during the 1959 trawl survey. Of those fish encountered, all
were found in the shallow nearshore stations and highest relative
abundance occurred off the entrance to Kotzebue Sound (Figure IX-6). Size
of toothed smelt in the AEC catches ranged only from 10-17 cm with an
average length of 13.4 cm (Figure IX-3). Based on a comparison of the 1959
size data with 1976 age length keys, toothed smelt captured during the AEC
study probably ranged in age from 3 to 7 years and an estimated 84% of all
fish examined were age groups 4 and 5.

Saffron cod--Only 75 specimens of saffron cod were encountered during the
entire AEC survey, and no size composition information was obtained. Of
those fish taken, nearly all were found in shallow nearshore areas with
highest concentrations located between Cape Lisburne and Pt. Hope, north
of Kotzebue Sound (Figure IX-7). Fish were rarely encountered at trawl
stations where depths exceeded 25 m. Since no length frequency data was
obtained, no inference can be made regarding size and age composition.

Pacific herring--Very small catches of Pacific herring were encountered
during the 1959 trawl survey. Highest relative abundance occurred near-
shore, especially off Cape Thompson (Figure IX-8), but catch rates never
exceeded 30 fish/hour trawled. Although demersal trawl catches were quite
limited, a gillnet station, also near Cape Thompson, yielded an estimated
1000 herring, the largest catch taken by any of the survey gears.
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Figure IX-8. --Distribution and relative abundance by numbers of Pacific
herring in the southeastern Chukchi Sea during 1959.
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Sizes of trawl and gillnet caught fish, combined, ranged from 18 to 28 cm
and averaged about 22 cm (Figure IX-3). A 1976 survey age-length key
applied to the AEC samples suggests that ages ranged from 2 to 8 years
with age groups 4-6 dominating.

Yellowfin sole--Only 31 individuals were taken during the AEC study. Most
yellowfin  sole were encountered in shallow, nearshore, warmer-water areas.
Pruter and Alverson (1962) stated that during the 1959 study over 80% of
all specimens were found at stations where depths ranged from 18 to 26 m
and bottom temperatures exceeded 7°C.

Fish taken from the southeastern Chukchi Sea during 1959 were small,
ranging from 7 to 19 cm in length and averaged about 13 cm (Figure IX-3).
Age structures were obtained from 11 specimens and indicated a range in
ages from 1 to 6 years.
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SUMMARY

The 1976 BLM/OCS baseline demersal survey indicated a combined fish and
invertebrate biomass of nearly 338,000 mt for the waters of Norton Sound,
the southeastern Chukchi Sea, and adjacent areas. This amount seems quite
substantial but in comparison to biomass estimates for other regions of
the Alaska continental shelf, it is a.:tually quite small. Results from
the 1975 BLM/OCS survey of the eastern Bering Sea indicated a biomass
approaching 5.9 million mt for that region (Kaimmer et. ~., 1976). On
a ,weight per area basis, the eastern Berin

5
Sea ~emersal fish and

invertebrate biomass averaged nearly 11.9 ret/km while the biomass esti-
mate for the Norton Sound-Chukchi  Sea region averaged only 2.6 mt/kmL.

Biomass differences between our survey region and the eastern Bering Sea
are even greater when specific components of the demersal community are
compared. The primary purpose of both the 1975 and 1976 surveys was to
intensively examine demersal fishes and shellfish of current or potential
economic importance. These faunal elements comprised over 90% of the
apparent biomass of the eastern Bering Sea (Figure X-1) but less than 25%
of that estimated for our survey region, a nearly 60-fold difference in
the magnitude of demersal fish- and
continental shelf areas.

KSHRIMP AND
COMMERCIALCRABS

NORTON SOUND-CHUKCHI SEA REGION
APPARENT BIOMASS =338 THOUSAND MT

shellfish resources for the two

HER
VERTEBRATES

NMoLLuscs

EASTERN BERINGSEA
APPARENT BIOMASS=59 MILLION MT

Figure X-1 .--Relative importance of demersal species groups in the Norton
Sound-Chukchi Sea and eastern Bering Sea regions in terms of apparent
biomass. Biomass estimates are from results of the 1976 BLM/OCS base-
line survey of Norto~ Sound and the southeastern Chukchi Sea and from
Alton (1976).
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Even though the demersal resources present in the Norton Sound-Chukchi
Sea region do not approach quantities present elsewhere, information
concerning these northern stocks is essential to enlarge our knowledge of
the biota in all areas of the Alaska continental shelf. A summary of the
major findings from the survey follows:

1) Results of the 1976 BLMfOCS demersal survey of Norton Sound, the
southeastern Chukchi Sea, and adjacent waters indicate that highest
relative abundance for nearly all fish and invertebrates occurred south of
Bering Strait, especially in Norton Sound.

2) Starfish and other invertebrates of little or no potential economic
importance had an estimated biomass of over 250,000 mt. This amount com-
prised of 7YL of the entire biomass estimated for the survey region.

3) Gadidae and Pleuronectidae were the dominant fish families encountered
during the survey and had a combined estimated biomass of over 33,000
mt. This amount accounted for 70% of the total fish biomass estimated
for the survey area. Cottidae, Osmeridae, and Clupeidae accounted for
an additional 25% of the total fish biomass.

4) The eight most abundant fish species in the survey region, by rank
order of estimated biomass were: saffron cod, starry flounder, shorthorn
sculpin, Pacific herring, toothed smelt, Alaska plaice, yellowfin sole,
and Arctic cod.

5) Most of the dominant fish species were found in highest relative
abundance in areas south of Bering Strait and where bottom waters were
warmer than 4°C and shallower than 30 m (Figure X-2).

6) Arctic cod was an exception to relative abundance trends for the
dominant fish species. Relatively high abundance of this species occurred
at nearly all bottom temperatures and at depths greater than 20 m.

7) Almost no fish species was encountered in either sufficient size of
quantity to be considered as potential for commercial harvest. Pacific
herring is the only non-salmonid species presently taken in a commercial
fishery in the survey region. Recent harvests have been very small and
attempts to greatly expand harvest levels do not appear likely.

8) Survey information on age-length and.length-weight relationships
indicate age and growth differences north and south of Bering Strait for
several fish species. Pacific herring, toothed smelt, yellowfin sole, and
Alaska plaice all displayed greater lengths-at-age and maximum sizes south
of Bering Strait than to the north, while saffron cod data suggested the
opposite--largest size and lengths-at-age in the north. Definite reasons
for growth differences by area are not provided by our data; however,
differences were idei~tified and seem to suggest some stock segregation
within the survey region.

9) Little is known about spawning and nursery areas in the survey region.
An examination of catch rates by stratum for the youngest two age groups
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Figure X-2. --Average catch rates for dominant fish species by stratum,
depth, and temperature, BLM/OCS  survey, 1976. (Shaded bars and broken
lines represent strata south of Bering Strait. Unshaded bars and dotted
lines represent strata north of Bering Strait).
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of each dominant fish species provides some insight as to possible
locations of spawning areas and nursery grounds. Highest relative abun-
dance for young saffron cod, Pacific herring, starry founder, Alaska
plaice, and yellowfin sole was found in Norton Sound (Figure X-3). For
species with more arctic distributions, Arctic cod and toothed smelt,
either cold-deep waters or regions north of Bering Strait provided the
areas of highest density of young fish.

10) About 2/3 of the area surveyed during the 1959 AEC work in the south-
eastern Chukchi Sea coincided with portions of our 1976 survey region
(primarily stratum lN), A general comparison of species composition and
relative species abundances between the 1959 and 1976 data for this over-
lapping region suggests that no major changes have occurred in the fish
community of the southeastern Chukchi Sea since that earlier study,

11) Three crab species of economic importance in other Alaskan waters,
red and blue king crabs and Tanner crab (~. opilio), were encountered
in the study region during the 1976 survey. Biomass estimates for all
three species were quite low and all individuals encountered were very
small.

12) Less than 1% of the estimated population of 5 million red king crabs
were larger than the minimum size (135 mm carapace length) for commercial
harvests in any region of Alaska. None of the blue king crabs or Tanner
crabs were of sufficient size to be harvested under. present size restric-
tions in any king or Tanner crab fishery.

13) A moderate snail biomass of 19,000 mt was estimated present in the
survey region. Shell sizes of several species are similar to those taken
in the Japanese harvest of snails in the eastern Bering Sea.

14) The clam population in the survey region appears to be large. One
species, the greenland cockle, was encountered in almost half of our
demersal catches. A trawl is a very ineffective means of sampling infauna;
however, catches of this pelecypod species occasionally approached 150
individuals per trawl haul.

15) The gillnet and pelagic trawling portions of the 1976 survey offered
little information on mid-water or near-surface fish populations in the
study area. Pacific herring was the most commonly encountered fish species
in the very sparse off-bottom sampling.
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I. Summary

A total of 203 ringed seal and 20 bearded seal stomachs containing
food collected in the Beaufort Sea were analyzed. These specimens were
collected primarily in two areas: the vicinity of Point Barrow and off
Prudhoe Bay. Samples were collected at several times of year in order
to assess seasonal changes in feeding patterns. Due to the nature of
available logistics, the poorest sample coverage was obtained in spring
and summer.

The diet of ringed seals in the Beaufort Sea shows pronounced
seasonal variation. In late winter and early spring crustaceans are the
primary food. The species eaten are primarily benthic forms such as
shrimps and gammarid amphipods. In summer crustaceans are still the
primary food. However, nektonic forms such as euphausiids and hyperiid
amphipods are most commonly eaten. Benthic forms are eaten where nektonic
forms are not available. In most of the seals collected in fall, winter
and early spring, arctic cod were the main food. The main exception to
this pattern was a collection of seals made just off shore from the
barrier islands within the proposed lease area in November 1978. These
seals had eaten almost entirely crustaceans, mostly mysids and gammarid
amphipods. Ringed seals are able to consume largest quantities of food
where prey are concentrated. Arctic cod and nektonic crustaceans appear
to be particularly suitable foods because they are sometimes present in
dense concentrations. These concentrations appear to occur only in
localized areas.

Small sample sizes precluded detailed analysis of the foods of
bearded seals in the Beaufort Sea. The most commonly eaten foods were
crabs and shrimps. Some seasonality  in the diet appears to occur.
Clams were eaten only in summer months. Arctic cod were eaten in
substantial quantities only in November and February.

Bearded seals are not abundant in the Beaufort Sea. They are tied
predominantly to a benthic food web and feed on a large number of species.
For these reasons, OCS activities in the Beaufort Sea will probably have
little effect on bearded seals.

Ringed seals are abundant in the Beaufort Sea and are present
throughout the year. Shorefast ice is their preferred breeding habitat.
They compete for food with seabirds, bowhead whales and some fishes, and
provide food for polar bears and arctic foxes. They are obviously a
very important species in the trophic structure of the area.

.
Ringed seals are tied to a primarily pelagic food web. Relatively

little is known of the biology of their major prey species. Eggs ,
larvae and adults of arctic cod occur primarily in areas where contact
with spilled oil appears likely. The patchy distribution of arctic cod,
euphausiids and hyperiid amphipods suggests that hydrocarbon releases in
certain areas could have disastrous effects. Unfortunately, neither the
sensitivity to hydrocarbons nor the temporal and spatial distribution of
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the patches is known for the major prey species. Until such information
becomes available we can only conclude that a detrimental effect of OCS
development on ringed seals is likely, but the probability and magnitude
cannot be quantified. Changes in ringed seal populations will likely
affect other species such as bowhead whales and polar bears.

11. Introduction

Nearshore waters of a portion of the Beaufort Sea are scheduled to
be leased for oil development in December 1979. Preparation of the
environmental impact statement for the lease sale is underway. As a
part of the Alaskan Outer Continental Shelf Energy Assessment Program,
this research unit has been investigating trophic relationships of
Beaufort Sea marine mammals, primarily ice-inhabiting seals, since 1975.
This final report is an effort to synthesize the information collected
since that time and make it available to resource managers for considera-
tion during EIS preparation and policy formulation.

The State-Federal Beaufort Sea lease sale WAS originally scheduled
to take place in October 1977. Two and one-half years ago, at the
request of OCSEAP administrators, this research unit terminated work in
the Beaufort Sea, synthesized information available at that time and on
30 September 1976 submitted a Final Report of the Beaufort Sea Activities
(Lowry et al. 1976). Shortly thereafter, the lease sale was postponed
and OCSEAP redirected research to the Beaufort Sea. Since that time the
primary emphasis of this project has been in the Beaufort Sea. The
recent work has been of a markedly different nature than that conducted
before 1977. In 1975 and 1976 logistics support was generally extremely
limited and available only on an opportunistic basis. Many of the pre–
1977 specimens were collected prior to OCSEAP in conjunction with polar
bear research, or from the NARL animal facility which procured seals for
polar bear food. Our attempts at collecting specimens were generally
unsuccessful. A May collection trip utilizing a fixed-wing airplane
failed due to weather. A multidisciplinary icebreaker cruise in August
of the same year proved unsatisfactory and largely unsuccessful.

When Beaufort Sea work was re-initiated in 1977, a much more intense
field program was designed to fill those data gaps identified in the
1976 Final Report. Dedicated helicopter support since that time has
been excellent for fall and winter months. Summer logistics have been
less available and less satisfactory, and as a result the summer period
is now the major temporal data gap.

The Beaufort Sea is 5n area of extremes where biological processes
are regulated by great seasonal fluctuations in
cover. Sea ice exerts a profound effect on the
Ice usually covers the nearshore area from late
In some years the ice moves off shore more than
August-September and the nearshore areas remain
months. In other years the ice never moves far

light, nutrients and ice
marine flora and fauna.
October through June.
200 kilometers during
ice free for several
off shore.
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Several species of marine mammals regularly occur in the Beaufort
Sea. From April to June, bowhead whales pass Point Barrow on their way
from a poorly known wintering area in the Bering Sea to their summer
feeding grounds in the eastern Beaufort Sea. These whales leave the
Beaufort Sea when ice reforms in September and October. The smaller
belukha or white whales accompany the bowheads north. These small
whales often bear their young in coastal lagoons and estuarine systems.
They too usually leave in autumn as the ice forms. Belukhas are occa–
sionally trapped in polynyi where they overwinter or perish as the ice
cover becomes complete.

As the pack ice disintegrates and recedes north in the spring, most
of the Pacific walrus population leaves its wintering grounds in the
Bering Sea and moves north. The majority of these animals summer in the
northern Chukchi Sea and off the coast of northeast Siberia. Some
walrus penetrate the western and central Beaufort Sea. They move south
in the early fall, passing through the Bering Strait mainly in the
months of October, November and December.

In summer, a few spotted seals are found along the western Beaufort
Sea coast. However, this species is no more suited to a winter existence
in this area than are those mentioned above.

Only three species of marine mammals can be considered year-round
residents of the Beaufort Sea. These are ringed seals, bearded seals
and polar bears. Although the arctic fox ranges widely over all types
of sea ice in the Beaufort Sea, it is debatable whether it can be considered
a truly marine species.

Polar bears are distributed throughout ice–covered arctic waters.
In summer they are found on the pack ice, with greatest densities along
the edge. They are primarily found in areas of high abundance and
availability of ringed and bearded seals which are their primary prey.

The remaining two species, ringed seals and bearded seals, are the
two with which this report is primarily concerned.

Bearded seals, although year-round residents of the Beaufort Sea,
occur in very low densities in winter. They are able to maintain
breathing holes in ice, but appear to do so only rarely, and are thus
largely excluded from the fast ice zone. Rather, they are most common
in the transition zone and offshore pack ice (Burns 1967, Burns and
Harbo 1972, Stirling et al. 1975). The western Beaufort Sea unlike the
Chukchi Sea and northern Bering Sea has a relatively narrow continental
shelf with the 100-m contour occurring mostly within 40 km of shore. As
100 m is probably close to the maximum feeding depth for bearded seals,
the western Beaufort Sea does not offer a very large foraging area.
This is especially true in the winter when landfast ice extends 20 to 40
km off shore, resulting in a very narrow band of proper ice type and
water depth.
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Our recent studies have shown that in winter months bearded seals
are more common in the Barrow area where shore ice is not extensive and
the pack ice moves more regularly than in the less dynamic ice of the
central Beaufort. During summer months there is an influx of bearded
seals from the south as the ice in those areas melts and recedes north.
However, the majority of animals appear to stay over the shallow Chukchi
platform rather than moving into the Beaufort Sea. Few bearded seals
are present in the summer pack ice of the Beaufort Sea when the southern
edge is over deep water. For these reasons bearded seals were not the
prime focus of this study. Instead emphasis was placed on the widely
distributed and abundant ringed seal.

Ringed seals are found almost throughout ice-covered seas of the
northern hemisphere, and they are the most common species of seal in the
13eaufort Sea. Their density in any given area and at any given time is
closely related to ice conditions. In late March and early April,
ringed seal pups are born in lairs excavated in snow-covered ice (McLaren
1958, Burns 1970, Smith and Stirling 1975). Although stable landfast
ice is the preferred area for pupping, and the greatest density of seals
occurs there, pups are also born on drifting ice. Ringed seals of the
drifting ice probably constitute most of the total population because of
the vast areas of drifting ice habitat. There are some indications that
older, more experienced females may occupy the preferred breeding habitat
(McLaren 1958, Burns, 1970). Subadult animals are often found congregated
along transient lead systems (Stirling et al. 1975; Burns, unpubl. ).

Subsequent to pupping and breeding, ringed seals undergo a period
of molting during which they spend a large amount of time hauled out on
the ice and are relatively easy to observe and count. During this
period feeding intensity is quite low (McLaren 1958, Johnson et al.
1966) . The overwintering population of ringed seals in the western
Beaufort Sea is and may have for many years been relatively low. Burns
and Harbo (1972) estimated the minimum population on the shorefast ice
in June 1970 to be 8,717 animals. In summer, the population size increases
with the seasonal influx of animals from the south. During the summer
season ringed seals are found throughout the restricted ice-covered
waters. With the onset of winter and increase in ice cover, the area
occupied by ringed seals expands accordingly. Specific details of these
movements are largely unknown.

Ringed seals and bearded seals, as well as many other species of
marine mammals, are of cultural and economic importance to Alaskan
Eskimos and non-Eskimo residents of this region. They are hunted for
human and dog food, and for the skins which have traditionally been used
for clothing, equipment and crafts. National interest in these animals
and the habitats they utilize is high. This interest is perhaps best
exemplified by the Marine Mammal Protection Act of 1972 (Public Law 92-
522) passed by the Congress of the United States which states that
“marine mammals have proven themselves to be resources of great inter-
national significance, esthetic and recreational as well as economic,
and it is the sense of the Congress that they should be protected and
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encouraged to develop to the greatest extent feasible commensurate with
sound policies of resource management.”

These factors and others make it imperative that the potential
effects of oil and gas exploration and development in the Beaufort Sea
on ice–inhabiting marine mammals be anticipated and minimized to whatever
degree possible. Such an evaluation requires an understanding of the
biology of the species involved, as well as how these species affect and
are affected by their environment. This study of the trophic relationships
of ice–inhabiting phocid seals of the Beaufort Sea will contribute to
such an understanding. We have dealt primarily with the two resident
and most abundant species of seals, ringed seals and bearded seals, but
it is not enough to look only at the highly visible or economically
important species or to examine discrete parts of the system as separate
entities. One must also consider the inconspicuous species upon which
the more visible ones depend, and study the connections and dependencies
among different system components. It is well understood that all
animals act as part of a system in which radiant energy from the sun is
captured by plants, passed on to animals and ultimately recycled in the
form of organic compounds. We will attempt to deal with ringed seals
and bearded seals as part of such a system.

The intricacy of biological systems is such that even gross simpli-
fications are difficult to render verbally and/or graphically. However,
through this study of trophic relationships of marine mammals we have
attempted to identify key species, those organisms which are the most
tightly woven into the web of trophic interdependencies. Is is our hope
that identification of these key species and important species interde-
pendencies will provide a focus of attention among the many hundreds of
species present in the Beaufort Sea and contribute to the assessment of
anticipated ecological effects. When integrated with other OCSEAP
research it should be possible to identify potential differential sensi–
tivity of parts of the system and to evaluate which times, places or
species appear to be most or least vulnerable.

III. Current State of Knowledge

There are no accounts of the food habits of marine mammals in the
Alaskan Beaufort Sea published prior to this OCSEAP study. Some preliminary
results of this study were published by Lowry et al. (1978a) in which
the food habits of a small number of ringed seals and bowhead whales
from Barrow, Alaska, were discussed, as was the possibility for interspecies
competition.

Published accounts of the food habits of ice-inhabiting phocid
seals in other parts of the world have been reviewed in the 1978 and
1979 annual reports for this research unit (Lowry et al. 1978b, Lowry et
al. 1979.
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IV. Study Area

The study area is shown in Figure 1. It includes the Alaskan
Beaufort Sea from Point Barrow in the west to Demarcation Point in the
east. The proposed Joint Federal-State lease area is indicated in this
figure as are the general locations from which samples were obtained.

v. Sources, Methods and Rationale of Data Collection

Field Collections

Because the formation and breakup of sea ice is a dynamic process
which varies from year to year, it was impossible to establish prede-
termined sampling locations and to collect seals repeatedly at those
same locations. However, we did try to restrict our sampling to two
geographical areas (Barrow and Prudhoe Bay), realizing that within each
area there may be considerable variation in water depth, prey availa-
bility, ice topography, etc. At Prudhoe Bay we attempted to collect
seals inside the actual lease area, but due to ice conditions specimens
were usually taken somewhat offshore.

Specific locations at which seals were collected were determined by
the presence of leads and open water polynyi. During winter months the
shorefast ice is a solid, unbroken sheet and seals living under this
sheet are inaccessible. Only at the outer edge of the fast ice, and in
leads and polynyi in the pack ice, is it possible to locate and collect
seals in an efficient manner. For this reason, seals collected by this
project in winter months are representative only of lead-pack ice conditions.
They may not be representative of seals found in shallower nearshore
water under the fast ice.

Pre-OCSEAP  specimen material was collected on an opportunistic
basis in conjunction with other research projects. Some specimen material
was provided by Mr. Jack W. Lentfer,  then with the U. S. Fish and Wildlife
Service. These specimens were obtained in conjunction with Mr. Lentfer’s
polar bear research. The material consisted of the remains of seals
killed by bears, and sometimes included stomachs containing food.

Other specimens were provided by Alaska Department of Fish and Game
personnel stationed in Barrow, by the Naval Arctic Research Lab from
seals obtained as polar bear food and by Bob Everitt of the National
Marine Fisheries Service.

OCSEAP collection efforts began in late 1975 and intensified in
1977-1979. In other areas of the state most specimens have been acquired
from subsistence hunters in coastal villages. In the Beaufort Sea there
are only three coastal settlements, none of which depends on seals as a
primary source of food or income, and it was impossible to obtain adequate
specimen material by this means. Most specimens were necessarily collected
by project personnel. In May 1976, four ADF&G personnel utilizing a
Beaver aircraft equipped with wheel skis were stationed at the Oliktok
Point DEW line site with the intention of flying to offshore leads and
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collecting seals. Inclement weather and the limitations of fixed–wing
aircraft rendered this attempt futile. Two ADF&G personnel were aboard
the USCGC GLACIER during August 1976 Beaufort Sea operations. Inclement
weather and the multidisciplinary nature of this cruise made it largely
unsuccessful. A final attempt in 1976 in the Beaufort Sea was made by
two ADF&G personnel aboard the NARL R/V NATCHIK. NO animals were collected
due to poor weather and limitations of the vessel.

In 1977, with the rescheduled lease sale and redirection of OCSEAP
effort to the Beaufort Sea, this project reinitiated collection efforts
in that area. In the ensuing 2-1/2 years, winter logistics support by
OCSEAP was excellent and collection attempts were in all cases successful.
Sampling was done with the aid of Bell 206 and UHIH helicopters. Anima 1s
were shot in the water, retrieved from the helicopter and taken to the
lab for processing.

Summer logistics were less adequate and less successful. Shipboard
sampling from icebreakers was conducted during August–September of 1977
and 1978. Some seals were collected but the multidisciplinary nature of
both cruises greatly restricted the mobility of the ship and the time
available for marine mammal work. A scheduled cruise in fall 1977 on
the NARL R/V NATCHIK was canceled due to mechanical failures.

Whenever possible seals from which specimen material was taken were
weighed and a series of standard measurements were made for use in this
and other ongoing studies on ice-inhabiting seals. Sex was determined,
and teeth and claws were collected for age determination. Tissue and
blood samples were collected in some cases to be made available to other
investigators for hydrocarbon, heavy metal, PCB and pathogen analyses.
However, to our knowledge, none of these samples have been analyzed due
to lack of funding. (See methods section in RU#230 annual reports for
detailed description of standard measurements and collection of additional
specimen material.)

Most seals collected in the Beaufort Sea were processed at NARL or
in the ABF&G lab in Fairbanks. During processing, stomachs were removed
and either opened immediately and the contents preserved in 10 percent
formalin, or frozen and shipped to the lab in Fairbanks where they were
opened and preserved. For those stomachs containing large numbers of
small otoliths, which degrade rapidly in formalin, the otoliths were
immediately sorted out and stored in 95 percent ethanol.

During the 1977 icebreaker cruise, in addition to collecting seal
specimen material, we also conducted bottom sampling for fishes and
invertebrates with 16- and 19-foot (4.9 and 5.8 m) Marinovich otter
trawls (1–3/8-inch (3.2 cm) stretch mesh body, l/4-inch (0.6 cm) mesh
cod end liner). Trawls were of 5-10 minutes duration at a ship speed of
3-5 knots. Contents of each trawl were identified, enumerated and
weighed. The otoliths of fishes were removed, measured to determine the
correlation of otolith size to fish size and the annular rings counted.
Stomach contents of fishes were examined and reproductive status noted.
When appropriate, invertebrates were measured and reproductive status of
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females was noted. Identification of all fishes and decapod crustaceans
(crabs and shrimps) was done by ADF&G personnel (Frost and Lowry). All
other invertebrates were identified by personnel at the University of
Alaska Marine Museum/Sorting Center. (For a complete report of this
trawl series see OCSEAP RU#232 1978 Annual Report, Appendix 1, Offshore
Demersal Fishes and Epibenthic Invertebrates of the Northeastern Chukchi
and Western Beaufort Seas (Lowry et al. 1978b)).

Laboratory Procedures and Identification

The preserved contents of stomachs were washed onto a I.O-mm mesh
screen. When very small otoliths were noted in the contents, a 0.355-mm
mesh screen was used beneath the larger mesh. Contents were sorted and
identified to the lowest taxonomic level permitted by their condition,
using appropriate taxonomic keys and reference specimens. In the majority
of cases identifications entailed the sorting and recognition of small
bits and pieces of organisms. Crustaceans were frequently identified by
claws, carapaces or abdomens. Fishes were identified on the basis of
otoliths and bone fragments. The volume and number of each type of prey
item were determined by water displacement and counts of individuals or
otoliths. Size ranges of various prey items were determined when possible.

Virtually all identifications were made by project personnel.
Necessary taxonomic keys and references both published and unpublished
have been accumulated. Much use was made of the Marine Museum/Sorting
Center reference collection and of the expertise of Sorting Center
personnel. A reference and voucher collection of invertebrates and
fishes has been established at ADF&G. In addition, an otolith collection
has also been compiled. Considerable interchange of specimen material
and ideas occurred among personnel of this project, Dr. James Morrow,
OCSEAP RU#285, and John Fitch, California Department of Fish and Game.

VI. Results

The results of field collections a~e shown in Table 1. General
locations of these collections are shown in Figure 1. A total of 203
ringed seal and 20 bearded seal stomachs containing food were analyzed.
Of those, 17 ringed seals and 7 bearded seals were collected prior to
OCSEAP, 20 ringed seals and 2 bearded seals in 1975 and 1976, and 166
ringed seals and 11 bearded seals since the redirection of OCSEAP effort
in 1977. Figures 2 through 5 show locations for ringed seal samples
collected in 1976-1979. Results of ringed seal stomach contents analyses
are shown in Tables 2-6.

We have analyzed ringed seal samples from the Barrow area collected
in all months except January. Our best collections are from February-
April and November. In the general area of the scheduled lease sale we
have made collections during February-March, August-September and November.
In both of these areas data from summer months are the most limited.

The diet of ringed seals in the Beaufort Sea shows pronounced
seasonal variation. Near Barrow in late winter and early spring (March-
June) gammarid amphipods, mysids and shrimps were the main food items.
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Table 1. Schedule of field work in the Beaufort Sea and summary of
specimens obtained. Only stomachs with food are listed.

Specimens Obtained

Location Dates Ringed Seals Bearded Seals

Barrow
Barrow
Barrow
Barrow
Barrow
Northeast of Point

Barrowl
Barrow2
Barrow
Northeast of Point

Barrow
Oliktok Point
Barrows
Barrow
Barter Island
Barrow
USCGC GLACIER
R/V NATCHIK
Barrow4

Barrow
Barrow
USCGC GLACIER
Barrow
Barrow
Prudhoe Bay
Barrow
Pruclhoe Bay
USCGC NORTHWIND
Prudhoe Bay
Barrow
Prudhoe Bay
Barrow

July-August 1969
1-25 October 1970
22 December 1971
20 April-15 May 1972
1-2 September 1973
29 April-1 May 1974

and 26 April 1975
Spring-summer 1975
3 September 1975
23 March 1976

10-19 May 1976
11-25 May 1976
13 June 1976
20 July-3 August 1976
2-10 August 1976
17 August-3 September 1976
27-30 September 1976
15 November 1976
1 February 1977
4-14 April 1977
31 July-6 September 1977
21 July 1977
14-17 November 1977
6-10 November 1977
26 March-4 April 1978
27-28 March 1978 “
20-21 August 1978
5-11 November 1978
13-16 November 1978
20-23 February 1979
24-27 February 1979

Total

6
3
2
3
0
3

10
1
1

0
3
1
1
2
1
0
0
1
3

16
0

14
19
16
12
3

22
18
24
18

203

0
0
0
0
7
0

0
0
0

0
0
0
0
1
0
0
1
0
2
2
1
1
2
0
0
0
0
1
0
2—

20

1 Specimens provided by Mr. Jack W. Lentfer, then with the U.S. Fish
and Wildlife Service, now with the Alaska Department of Fish and Game.
2 Nine of the 10 specimens were obtained from seals purchased by the
Naval Arctic Research Lab for polar bear food--time of collection was
estimated from physical and reproductive condition of the animals.
s Specimens provided by Mr.
4

R. Everitt, National Marine Fisheries Service.
Specimen provided by Dr. A. Blix, University of Alaska.
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Table 2. Summary of stomach contents of ringed seals collected at Barrow
prior to 1976. Numbers in parentheses following the dates denote
sample size.

July-August 1969 (6)

1-25 October 1970 (3)

22 December 1971 (2)

20 April-15 May 1972 (3) -

29 April-1 May 1974 (2) -

26 April 1975 (1)

Late spring-summer 1975 (10) -

3 September 1975 (1)

Fish – 91%, all Boreogadus
Mysid - 9% (all identified were Neomysis)
Mean Volume = 5.3

Fish - 100%, all Boreogadus
Mean Volume = 3.7

Fish - 100%, all Boreogadus
Mean Volume = 110.0

Fish - 98%, 133 Boreogadus, 1 Lycodes
Neomysis - 2%
Mean Volume = 15.3

Shrimp (Pandalus sp.) - 91%
Gammarid amphipod - 9%
Mean Volume = 11.0

Crustacean (shrimp and amphipod) - 75%
Fish - 25%, all Boreogadus
Mean Volume = 22.8

Euphausiid - 70%
Gammarid amphipod - 23%
Fish - 6%, Boreogadus  90% of fishes
Mean Volume = 18.0

Fish - 100%, all Boreogadus
Mean Volume = 7.O
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Arctic cod were also eaten, primarily during the early part of this
period. In May and June euphausiids appeared in the diet and were eaten
regularly in small amounts. Gammarid amphipods and isopods were also
eaten at this time. Three seals taken near Barrow and off Pitt Point in
August 1976 had eaten large quantities of euphausiids. All seals taken
near Barrow between September and February (1970, 1971, 1975-1979) had
eaten primarily arctic cod. November samples contained large volumes of
arctic cod and small amounts of hyperiid amphipods. The relative propor-
tion of cod to hyperiids was almost identical in 1977 and 1978. Seals
collected in late February 1979 had eaten almost entirely arctic cod.

Thirteen seals taken north of Prudhoe Bay in early September had
fed extensively on hyperiid amphipods. Two seals taken east of Prudhoe
in summer had eaten very small amounts of crustaceans (mysids, amphipods
and shrimps) as had two seals collected directly north of Prudhoe in
August . Seals collected 72 km north of Prudhoe in November 1977 had
eaten arctic cod and some hyperiid amphipods. Seals collected in November
1978 just off shore from the barrier islands had eaten almost entirely
crustaceans, primarily mysids and ganunarid  amphipods. Twenty-four seals
taken 54-90 km off Prudhoe in late February 1979 and 12 seals taken 126-
162 km off Prudhoe in late March 1978 had eaten arctic cod and small
amounts of crustaceans.

We have collected relatively few bearded seal specimens, reflecting
the low abundance of this species in the Beaufort Sea. However, our
sample size has increased from 3 to 20 since our 1976 report. All but
four of those seals were collected in the Barrow region. Figure 6 shows
the location of bearded seal collections for all years. Results of
specimen analysis are presented in Tables 7 and 8.

As at other locations throughout Alaska, bearded seals collected in
the Beaufort Sea had fed primarily on decapod crustaceans (shrimps and
spider crabs). Clams, hermit crabs, OCCOPUS, gammarid amphipods, isopods
and fish were also eaten. Clams were found only in August. Arctic cod
were a major component of the diet at Barrow in November and February.

VII. Discussion

A. Bearded Seals

Very small sample sizes preclude detailed analysis of geographical
and seasonal differences in the diet of bearded seals in the Beaufort
Sea. However, because bearded seal diets are very similar throughout
their range, it is possible to examine Beaufort Sea data in light of
patterns established elsewhere. ln general these seals feed on a wide
variety of benthic organisms (Kenyon 1962, Johnson et al. 1966, Kosygin
1966, Burns 1967, Lowry et al. 1978b). Although the diet is diverse,
relatively few types of organisms comprise the bulk of the food; these
are bivalve molluscs, crabs, shrimps, sculpins and sometimes arctic or
saffron cod. Beaufort Sea bearded seals follow the same pattern.

597



7 3

7 2

7 1

, t t I I
155 137

2 1

Barrow —
“ \

ALASKA

8EAUFORT  SEA

I CANADA

I
155 I 137

,

Figure 6. Map of the Beaufort Sea showing locations of 1975-1979 bearded seal collections. Numb ers

‘3

r2

n

r+
.s

correspond to samples shown in Tables 7 and 8.



‘1’:{ble 7. Bearded seal stomach contents data from the western Beaufort Sea—---- .-— — . .. —-—- .._. ___ Numb [’ rs i II. . -._—
parentheses indicate percent of tile total stom:lch contents volume made lIp by that taxon, e:.cc~pI_ fmr
lisl] tax;] which are percent of the total number of [ishcs identified which be].on%ed  to LII:IL taxon.

il”(’:1: 1 1 1 1 1

)( IL C!S: February 1979 12-13 April 1977 August 1976 & 1977 1-2 September 1973 November 1976,1977
1978

;:lmple Size: 2 2 2 7 3

lean Volume (ml) 985.6 139.7 841.3 94.6 473.9

Fish 58 Hermit Crab 37 Clams 65 Shrimp 50 Shrimp 33

1 Arctic Cod 95
Eelpout 3
Sculpins 2

Spider Crabs 19 Spider Crabs 29 Isopods2 29 Spider Crabs 31 Spider Crabs 280

#
Shrimp 11 octopus 19 Fish 5

:
Sponge 11 Fish 23

Arctic Cod” 56 Arctic Cod 82
m
o ; Sculpins 3 8 Sculpins

,3
15

: ~ Saffron Cod 2
{
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At Barrow two species of crabs and one species of shrimp were the
most important prey on a year-round basis. The crabs, Chionocetes
opilio and Hyas coarctatus, and the shrimp, Sclerocrangon boreas, are
also primary prey species of bearded seals in the Bering and Chukchi
Seas. MacGinitie (1955) in his samples of invertebrates from near
Barrow noted that Hyas was the most abundant of the true crabs and was
found in nearly every trawl. Carey (1976) reported Hyas from 10 stations.
Lowry et al. (1978b) encountered Hyas in 28 of 33 trawls. Chionocetes
is generally much less abundant in the Beaufort east of Barrow (MacGinitie
1955, Squires 1969, Lowry et al. 1978b).

Sclerocrangon is most abundant west of Barrow on rocky bottom areas
(Lowry et al. 1978b), although it has also been reported from the western
Canadian Arctic (Squires 1969).

In the Prudhoe Bay area spider crabs and shrimps were also the most
important components of the diet, but the species changed from those
eaten at Barrow. Chionocetes, which occurs only rarely east of Barrow,
was replaced entirely by Hyas. Sclerocrangon was replaced by Sabinea
septemcarinata, another large crangonid shrimp which is one of the two
most abundant shrimps east of Barrow.

In spring and summer months at both areas invertebrates, primarily
crabs and shrimps, comprised over 95 percent of the stomach contents.
Clams were an important component in August at Barrow, where large clam
beds are known to occur off shore. This same phenomenon occurs elsewhere
in Alaska. At Nome and Wainwright, from which we have examined numerous
bearded seals, clams are eaten in large quantities but only in summer
months. This apparent seasonal preference may be related to seasonal
availability of clams which may be less active and buried deeper in the
substrate during winter months.

In November and February samples from Barrow, fish assumed much
greater importance. Although invertebrates (shrimps and crabs) were
still major prey, arctic cod were eaten in substantial quantities. Such
an increase in the importance of arctic cod during winter months has
also been noted at Point Hope (Johnson et al. 1966). Figure 7 shows
graphically the seasonal variation in the diet of bearded seals collected
at Barrow.

In general, demersal fish were less important in the diet of bearded
seals in the Beaufort Sea than elsewhere in Alaska. In those stomachs
containing fish remains, arctic cod, sculpins and eelpout were the most
numerous. Although arctic cod have been found in samples from other
localities, demersal fishes were always much more common. The reverse
appears true in the Beaufort Sea. The importance of arctic cod is
probably a result of the abundance of this species in this area, and its
appearance in the winter diet may coincide with an onshore spawning
migration by arctic cod in the fall. Sculpins are the fishes most
commonly eaten by bearded seals a~ other locations in Alaska. They are
common benthic forms which would most likely be encountered during
foraging along the bottom. In the Beaufort Sea, however, sculpins are
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less abundant than in the Bering or Chukchi Seas (Lowry et al. 1978b).
The most common offshore Beaufort Sea genera, Icelus and Artediellus,
appear to be considerably smaller than the sculpins generally eaten by
bearded seals elsewhere. Eelpout were the second most common fish in
the trawls conducted by this project in the Beaufort Sea. They appeared
to be most numerous in the Barrow area.

B. Ringed Seals

At the time our 1976 Beauforc Sea Final Report was submitted, no
ringed seal data were available from fall/winter months and little data
existed for any area except Barrow. In the ensuing 2 years we obtained
November, February and March collections of ringed seals and have expanded
our collecting program to include the central Beaufort Sea around Prudhoe
Bay. At this time we consider ringed seal data available for the Beaufort
Sea in fall and winter adequate to characterize the food habits and
trophic dependencies of seals during those months. The data for spring
and summer months is much less adequate, especially for the central
Beaufort Sea in the area of the proposed lease sale. Given appropriate
logistics, as have been available for winter operations, an adequate
collection of material could almost certainly be made.

Our investigations as well as results of previous work (Dunbar
1941, Pikharev 1946, McLaren 1958, Johnson et al. 1966) have shown that
ringed seals eat primarily nektonic crustaceans (euphausiids, mysids and
hyperiid amphipods), small benthic crustaceans (shrimps, isopods and
gammarid  amphipods), and small- to medium–size, schooling pelagic fishes
(arctic cod, smelt, capelin and herring). Benthic fishes (sculpins and
flatfishes) play a relatively minor role in the diet.

In the Beaufort Sea nektonic crustaceans and arctic cod comprise
the bulk of the food. Diet varies markedly with the time of year (see
Figures 8 and 9). Arctic cod are the primary, and often the only, food
eaten during winter months. During spring and summer the importance of
arctic cod in the diet diminishes and nektonic  crustaceans become the
main food. Whether fish or crustacean, the particular species consumed
at any time of year is probably a function of seasonal abundance and
local distribution of that prey species. It appears that certain areas
have concentrations of appropriate food items while food is more scarce
in other areas.

Those species which swarm or aggregate facilitate feeding by making
it easier for seals to fill their stomachs. The largest mean volumes of
contents are found in seals feeding on arctic cod in winter and nekton
during summer. Large aggregations of prey species are not always availa-
ble to seals, and at any time of year one may find stomachs containing
generally low volumes of small benthic crustaceans such as amphipods and
shrimps. The importance of aggregations of prey species has been discussed
in more detail in Lowry et al. (in prep.). (See Section XI.B of RU #232
Annual Report, 1 April 1979.)
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Although published information on winter distribution and abundance
of arctic cod in Alaska is nonexistent, literature for other parts of
the world suggest that an onshore spawning movement occurs in the fall.
At this time fish are probably aggregated and thus more easily available
to ringed seals. The nearshore area presumed to be spawning grounds for
arctic cod is also the area with most stable ice conditions, and thus
prime habitat for breeding ringed seals.

Arctic cod are not a major food in summer although they are the
most abundant offshore fish at that time (Lowry et al. 1978b). In areas
where seal collecting and trawling were conducted simultaneously, seals
were found to be feeding only on nekton, although arctic cod were also
present. This may be because arctic cod are dispersed during non-
spawning summer months and are less efficient to feed on than swarming
nektonic crustaceans.

Three types of nekton comprise the bulk of the summer diet:
euphausiids, hyperiid amphipods and mysids. Which group predominates is
probably a function of geographic location and time of year. Reproductive
chronology and resultant peaks in abundance are quite different for the
three groups, as are required hydrographic regimes. For example, euphausiids
are more common in relatively warm waters than are the hyperiid amphipods
which are characteristic of the high arctic (Ilunbar 1957). The areas
around Barrow in which euphausiids  are a major component in the diet of
seals coincide with areas that are influenced by an influx of warmer
Bering Sea waters (Aagaard 1978).

Even at times of year and in general areas where prey is abundant,
distribution of prey sometimes appears to be very patchy. Figures 10
and 11 and Tables 9 and 10 present data from seals collected off Prudhoe
Bay in November 1977 and February 1979. Mean volumes and percent of
stomach contents comprised by arctic cod for the collections as a whole
reflect the general winter pattern, i.e. relatively high volumes of
primarily arctic cod. When collection locations of individual seals are
plotted and individual stomach contents data reviewed, it is evident
that mean volumes and percent arctic cod are not uniform. Seals from
some localized areas contained very high volumes of almost exclusively
arctic cod. Seals from other areas had much lower stomach contents
volumes comprised of proportionately less arctic cod. For example, seal
specimens 13-19 taken in November 1977 were all taken from the same
lead, and had a mean volume of 324 ml, 98.6 percent of which was arctic
cod. Seals collected in adjacent areas had a mean volume of only 45 ml,
comprised of 44.5 percent arctic cod. It appears that arctic cod are
not uniformly distributed, but instead occur in localized patches.
Seals feeding in these patches are able to consume large quantities of
food in a short time. During August-September 1977 a similar situation
occurred in seals eating hyperiid amphipods. The stomachs of 13 seals
collected off the Prudhoe Bay area where seal densities were quite high
contained uniformly high volumes of hyperiid amphipods. Stomachs collected
from areas of low seal density contained very low volumes of a variety
of benthic crustaceans.
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Table 9. Stomach contents of ringed seals collected off Prudhoe Bay
6-9 November 1977. Specimen numbers refer to locations shown
in Figure 9.

Specimen No. Volume of Contents (ml) Percent Arctic Cod

3 69.7 86.1
4 128.3 24.9

5 136.2 66.5
6 15.4 97.4
7 123.0 82.9

8 180.6 65.8

9 5.1 0
10 46.6 19.3
11 58.6 1.0
12 58.0 70.7
13 360.0 98.6
14 263.4 96.8
15 160.8 97.6
16 471.7 99.6
17 406.7 98.3
18 363.0 99.2
19 242.5 99.0
20 50.2 87.6
21 50.0 50.0

Specimens 3-8 Mean = 108.9 Mean = 64.1

Specimens 13-19 324.0 98.6

Others 44.8 44.5

All Specimens Combined 167.9 87.0
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Table 10. Stomach contents of ringed seals collected off Prudhoe Bay
20-23 February 1979. Specimen numbers refer to locations
shown in Figure 10.

Specimen No. Volume of Contents (ml) Percent Arctic Cod

1
2
3
4
5
6
7
8
9

10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25

440.0
6.9

81.8
39.9

430.0
790.0
448.0

62.1
70.0
16.7
1.0

86.0
Empty

1200.0
370.0
690.0
455.0
675.0

2.6
2 . 0

17.2
20.8

2 .6
4 .7

36.2

100.0
14.5
95.4
90.2

100.0
100.0
100.0

0 .2
42.9

3 .6
100.0
100.0

-—

100.0
99.5

100.0
100.0
100.0
38.5

100.0
0

48.1
100.0

0
96.7

Specimens 5-7 Mean = 556.0 Mean = 100.0
Specimens 14-18 678.0 100.0
Others 52.4 81.2

All Specimens Combined 224.3 98.0
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c. Biology of Major Prey Species of Ringed Seals

Thysanoessa raschii was the most abundant food item in the stomachs
of ringed seals collected near Barrow in summer. The two most abundant
species of euphausiids in the nearshore area of the Beaufort Sea are
Thysanoessa raschii and T. inermis (Geiger et al. 1968). Redburn (1974),—
in a sampling of the plankton in the Chukchi Sea off Barrow, found a
maximum concentration of 93 ~. raschii (mostly juveniles)/100 cubic m of
water on June 22, during the ice–covered period. This species had
largely disappeared from his samples by the end of August. Thysanoessa
raschii was less common in our stomach samples than was ~. inermis.
According to Nemoto (1966), ~. inermis is believed to spawn in shallow
waters along the continental shelf. The finding of several thousand
individuals of this species in stomachs of ringed seals taken in August
indicates presence of high concentrations which might perhaps be asso-
ciated with spawning. MacDonald (1928) working in the Firth of Clyde
(Scotland) found two spawning periods for ~. raschii, the first from
February to mid–May and a second from mid-August to mid-September. The
frequency and period of spawning of Thysanoessa spp. in the Beaufort Sea
are unknown. However, considering the cold temperatures and short
“summer” season in the arctic waters, a single spawning in summer seems
most likely (see Dunbar 1957). Redburn noted two periods during which
larvae of euphausiids were abundant; the first from the middle until the
end of June and the second in late July and early August. Perhaps these
two peaks correspond to the spawning periods of the two species. Nemo to
(1966) states that the main stocks of ~. raschii winter in ice-covered
waters. Mohr and Geiger (1968) found the abundance of Thysanoessa spp.
to be considerably lower under the central polar ice pack than near
shore. Although we found euphausiids to be present in seal stomachs in
minute quantities in February 1979, they did not appear in any other
winter collections. It seems likely that even if present in winter they
are not found in large concentrations and arctic cod are preferred prey.
Thysanoessa spp. feed largely on algae and microcrustaceans  (Berkes
1976), and on detritus (Mauchline  1966).

Mysids (Mysis littorals and Neomysis rayii) occurred as a major
prey species in our samples from April and August and also in the November
1978 sample. They appear to be most important in the nearshore central
Beaufort Sea samples, although they were also present in Barrow seals.
Mysids have also been found in substantial quantities in our samples
from other localities (e.g. Mekoryuk and Savoonga).  Redburn (1974)
encountered mysids only rarely in his collections from the Chukchi Sea
near Point Barrow. MacGinitie (1955) noted that Mysis relicts was at
times found washed up in rows on the beaches of Elson Lagoon (Barrow
area) . Crane (1974) encountered high concentrations of Mysis oculata in
samples from the Beaufort Sea off Simpson Lagoon. He estimated a standing
stock of 28 milligrams carbon/square meter. The food habits of mysids
have been little studied. It seems likely that they consume both animal
and plant material.

The hyperiid amphipod (Parathemisto libellula) occurred frequently
in our samples throughout the year. It was most abundant in August-
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September collections off Prudhoe, and generally more abundant at Prudhoe
than Barrow. Dunbar (1941) found Parathemisto to be the most important
food item in the diet of ringed seals from the Baffin Island area of the
eastern Canadian Arctic. He later stated (Dunbar 1957) that ~. libellula
“forms the most important link in the food chain between the copepods
and other smaller planktonic forms on the one hand, and the vertebrates
on the other, and in fact it takes the place> in cold water, of the
euphausiids in this respect.” While this may be the case in the eastern
Canadian Arctic and central Beaufort Sea, our samples indicate that it
is less the case in nearshore waters of the western Beaufort Sea. This
demonstrates the need for information specific to the locality under
consideration. MacGinitie (1955) noted that ~. libellula was extremely
abundant at Barrow, while Redburn (1974) found them to be less common
than gammarid amphipods, reaching maximum concentrations under the ice
in spring and early summer. Mohr and Geiger (1968) consider Parathemisto
an important food source for whales in waters north of Alaska.

Gammarid amphipods are a conspicuous and diverse element of the
Beaufort Sea fauna (MacGinitie 1955, Shoemaker 1955). They are the
predominant food of many demersal fishes, and regular prey items Of

seabirds, arctic cod, ringed and bearded seals, and bowhead whales.
Although primarily benthic, several species make use of the inverted
substrate provided by the undersides of ice floes in arctic waters
(Barnard 1959, George and Paul 1970, Tencati and Leung 1970). Inmost
of the ringed seal stomachs we examined, gammarids were found in small
quantities in stomachs containing very little food. In only two samples
were gammarids a major food item and stomach contents volume high.
Gammarids are probably eaten at times when little else is available, or
when they are locally very abundant. Redburn (1974) found gammarids to
be most common during the early sununer,  with decreasing density during
the seasonal transition to open water. Gammarid amphipods are typically
considered scavengers and predators on small benthic organisms.

Arctic cod are the most common and most important forage fish in
the Beaufort Sea (MacGinitie 1955, McAlli~ter  1962, Milne and Smiley
1976, Lowry et al. 1978b). In spite of this, the basic biology of this
species is poorly known. The distribution of arctic cod is closely
related to the presence of ice, with the majority of the population
believed to stay under or near the edge of compact ice (Svetovidov 1948,
Andriyashev 1954, Ponomarenko 1968). Andriyashev (1954) indicates that
in fall large schools are found near shore, especially in warm relatively
fresh water near river mouths. Not surprisingly, arctic cod are the
fish most commonly eaten by the ringed seals in the Beaufort Sea. They
are the major and often the only prey species during winter months.
Arctic cod feed mostly on zooplankton and amphipods and to a lesser
extent on benthic crustaceans (Svetovidov  1948, Barnard 1959, Lowry et
al. 1978b).

D. Food Webs

The main objective of this project has been to develop an under-
standing of the trophic  relationships of marine mammals, primarily

611



38

ringed seals, in the Beaufort Sea, and to assess the potential effects
on seals of changes in the trophic  structure of the Beaufort Sea caused
by offshore oil and gas exploration and development. The following
discussion is a synthesis of what we know about Beaufort Sea food webs
and trophic interactions. This information has been simplified and
shown diagrammatically in Figures 12 and 13. Emphasis will be placed on
the pelagic food web since that subsystem is best understood, of greatest
importance to marine mammals and perhaps most likely to be affected by
OCS activities. This discussion relies heavily on material compiled by
one of the principal investigators for the 1978 Beaufort Sea Synthesis
Report. For further details please refer to that report (Frost 1978).

The offshore pelagic food web during winter months is a relatively
simple one. Primary production apparently does not occur. Herbivorous
zooplankton species, abundant during the phytoplankton  bloom, are much
reduced in number (Grainger 1959). Zooplankton consists mostly of a
variety of copepods, gammarid and hyperiid amphipods,  many of which are
detritivores or carnivores. Stored energy reserves may be crucial for
overwinter survival of some species (Dunbar 1953, Mauchline  1966).

The offshore pelagic fish fauna in winter is comprised almost
entirely of two genera of cods, Boreogadus  (arctic cod) and Arctogadus
(polar cod). Arctic cod are by far the most abundant. Movement in
winter into shallower onshore water for spawning has been reported for
arctic cod in other parts of the arctic (Ponomarenko  1968). Subsistence
fishers on the Beaufort Sea coast jig for arctic cod during the winter
in apparent response to an increased winter abundance. Foods of arctic
cod in winter months are poorly known but probably include copepods,
mysids and hyperiid amphipods.

Arctic cod are of direct and major importance to two of the four
top-level consumers (ringed seals and people) present in the Beaufort
Sea during winter months, and of indirect importance to the other two,
polar bears and arctic foxes. The relationship between polar bears and
ringed seals is simple and direct: polar bears eat ringed seals (Stirling
and Archibald 1977). Arctic foxes also utilize ringed seals, sometimes
through direct predation on pups and sometimes through scavenging remains
of kills made by polar bears (Smith 1976).

The complexity of this relatively simple winter system increases
dramatically with the onset of spring and the open water period. As the
amount of daylight increases, ice algae (also referred to as epontic
algae) begin to grow and multiply. Although algae are present in brine
pockets within the ice as early as March (Meguro et al. 1966), the peak
of this bloom takes place in late May. Ice algae have been estimated to
contribute 25-30 percent of the total annual phytoplankton  production in
northern coastal waters (Alexander 1974). The ice algal bloom lengthens
the productive season by about 2 months, providing food for herbivores
long before the phytoplankton  are available. The ice algae largely
disappear with decreasing ice cover and increasing light intensity
(Homer and Alexander 1972, Alexander 1974, Mansfield 1975).
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The phytoplankton bloom in the water column begins in June and
July . Primary production in the water column is restricted to the
months of open water, and is highest at about the time of ice breakup
when nutrient levels, especially nitrogen, are high and sufficient light
is available. In years of extensive summer ice cover carbon fixation by
phytoplankton in the water column may be reduced by as much as 50 percent
(Grainger, cited in Mansfield 1975). Diatoms are usually the most
abundant components of the phytoplankton bloom, although small, non-
photosynthetic flagellates may also be common (English and Homer 1977).

Reproduction of some key zooplankton species, notably copepods,
occurs when the phytoplankton are available as food (Dunbar  1968).
Those benthic invertebrates that have pelagic larvae also spawn during
the phytoplankton bloom (Thorson 1950).

During early spring ringed seals are the only abundant marine
mammals in the area. Arctic cod are apparently either less abundant or
more dispersed at this time, since they are not important in ringed seal
diets.

In May and early June offshore leads open. Bowhead and belukha
whales move into and through the area on their eastward migrations.
There is a mass influx of migrating seabirds, which are also concen-
trated along these leads. Shortly thereafter bearded seals move north
from the Bering and Chukchi Seas and some of these enter the Beaufort
Sea. Additional numbers of ringed seals enter the Beaufort Sea as ice
in the southern portion of their range disappears. Few Pacific walrus
enter the area. Bearded seals and walrus are benthic feeders, but all
others rely primarily on a pelagic food web.

Although detailed food habit studies of bowhead whales have not
been done, it is known that they feed on zooplankton such as copepods,
euphausiids, mysids and amphipods (MacGinitie 1955, Mitchell 1975, Lowry
et al. 1978a). Food habits of belukha whales in the offshore Alaskan
Beaufort Sea are entirely unknown. As the,y are eaters of fish, shrimps
and cephalopods in other areas, they probably feed in a similar manner
in the Beaufort Sea and eat arctic cod, shrimps and squid or octopus.

By July, phytoplankton and zooplankton are abundant in the water
column. Herbivorous species have a ready food supply of diatoms.
Herbivores, as well as their reproductive products, provide a rich food
supply for carnivorous zooplankton such as Parathemisto. Arctic cod
collected in offshore areas in August fed extensively on copepods,
particularly Calanus glacialis, ~. hyperboreas, and Euchaeta glacialis,
and on the amphipod Parathemisto libellula (Lowry et al. 1978b).

Large numbers of seabirds breed, raise their young and molt along
the Beaufort Sea coast during summer months. Major species of birds in
offshore waters include gulls (Sabine’s  and glaucous), arctic terns,
jaegers and black guillemots, among others. These birds feed on zoo-
plankton in nearshore areas and overwhelmingly on small arctic cod in
areas more than 2 km offshore (Divoky  1978).
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Ringed seals remain the most abundant marine mammals in the Beaufort
Sea in summer. During this time they feed almost exclusively on nektonic
crustaceans. The late summer/early fall foraging period is extremely
important to ringed seals as this is the time in which they regain
weight lost during the spring molt. During the molt seals may lose as
much as 30 percent of their body weight.

At this time of year bowhead whales are thought to forage mostly in
the eastern Beaufort Sea and Amundsen Gulf (Fraker et al. 1978).

During the fall phytoplankton populations decrease due to low light
and low nutrient concentrations. Zooplankton may also become less
abundant as a result of reduced food and post-spawning die-offs. Some
species, including hyperiid amphipods,  probably remain abundant and
produce eggs and breed during the fall and early winter. Dunbar (1957)
reported Parathemisto libellula carrying hatched young in brood pouches
in December.

As food availability declines and sea ice cover increases, those
species of birds and mammals not adapted to overwintering in the Beaufort
Sea migrate from the area. Seabirds, bowhead and belukha whales, walruses
and most bearded seals all move west and south.

Many ringed seals remain in the Beaufort Sea. At this time their
diet shifts from primarily nektonic crustaceans to arctic cod. This
shift is probably due to the combined effects of a decrease in availa-
bility of nekton and an increase in availability of arctic cod.

Although our knowledge of the pelagic food web is far from complete,
it does provide us with focal points in the form of key species and
species interactions. The relationship of primary productivity to
copepods and nektonic crustaceans is basic to the system. Copepods,
euphausiids,  mysids and hyperiid amphipods are important prey species of
arctic cod, ringed seals, birds and bowhead whales. Arctic cod are
important to virtually all seabirds feeding off shore in summer months
and to ringed seals and people in the winter. Ringed seals are the
primary food source of polar bears and a major food source of arctic
foxes in winter. Ringed seals, polar bears, arctic foxes and bowhead
whales have been traditionally utilized by coastal Eskimo residents for
food and income.

E. Trophic Interactions of Major Vertebrate Consumers

Most species of truly marine fishes in the Beaufort Sea are part of
a benthic food web. They feed primarily on polychaete  worms and gammarid
amphipods. As such, thay compete to only a limited degree with ringed
seals which seem to eat benthic amphipods only when o~her more aggregated
prey are not available. Arctic cod are linked primarily to the pelagic
food web. They consume mostly copepods, hyperiid amphipods, mysids and
euphausiids. All of these groups are also eaten by bowhead whales, thus
placing arctic cod and bowheads, for at least part of the year, in
direct competition for the same resources. All groups except copepods
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are important prey species of ringed seals. The competition for food
between seals and cod may be reduced by seasonal dietary differences.
During the months when ringed seals are eating nektonic  crustaceans,
arctic cod in offshore waters seem to depend primarily on copepods.
During the winter months when cod feed on nekton competition is reduced
by the fact that ringed seals eat primarily arctic cod.

The many seabirds that feed outside the barrier islands in summer
eat almost exclusively arctic cod (Divoky 1978). Because of seasonal
changes in ringed seal diet, direct competition between these groups is
probably slight. During the months in which seabirds are abundant and
eat arctic cod, ringed seals eat mostly nektonic crustaceans. However,
even without temporal overlap in utilization, predation at one time of
year will affect availability at other times. This effect would probably
be compounded if arctic cod abundance was’low during a particular year.

No data on food habits of spotted seals or belukha whales taken in
the western Beaufort Sea are available in the literature. Data from
specimens taken at other localities indicate that both species feed
largely on fish, shrimp and cephalopods (Gel’tsev 1971, Sergeant and
Hock 1974, Mansfield et al. 1975, Lowry et al. 1979). In the Beaufort
Sea arctic cod, anadromous fishes, shrimps and octopus are potential
foods. Some of the same foods are also used by ringed seals.

Off the north coast of Alaska both spotted seals and belukhas  are
present only in late spring through fall and tend to stay near shore,
often at or in the mouths of rivers. Ringed seals during summer and
early fall are usually farther off shore associated with the pack ice.
The foraging of belukhas and spotted seals is therefore somewhat geo-
graphically and temporally separated from that of ringed seals, although
some of the prey species may be similar.

Perhaps the most significant trophic competitor of ringed seals is
the bowhead whale. During the months when bowheads are in the Beaufort
Sea, they feed at least in part on the same nektonic  crustaceans that
ringed seals eat (Lowry et al. 1978a). Tremendous quantities of nekton
must be present to meet the energy requirements of these whales. Although
the present population of bowhead whales is fairly small, probably
numbering between fifteen hundred and three thousand animals, the size
of the animals is so great that the daily consumption of a single medium-
sized whale would exceed that of 500 ringed seals. One wonders what
effect the decimation of the bowhead whale population has had on the
trophic  structure of the Beaufort Sea, especially on ringed seals and
arctic cod which eat the same foods. It is perhaps significant that in
our investigations the Beaufort Sea is the only area where nektonic
crustaceans figure prominently in the diet of ringed seals.

AS discussed earlier, relatively few bearded seals occur in the
Alaskan Beaufort Sea, probably because of the limited areas of shallow
water habitat. The same is true for walruses. In the Bering Sea in
spring, walruses feed largely on bivalve molluscs (Fay et al. 1977). A
casual examination of the stomach of a walrus taken northeast of Point
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Barrow revealed mostly sea cucumbers and lesser amounts of priapulids,
gastropod and bivalves. Although bearded seals in the Beaufort Sea
also eat these foods, the bulk of their diet is comprised of shrimps and
crabs. Trophic interaction between bearded seals and walruses in the
Beaufort Sea is probably not significant.

The trophic interactions between polar bears and seals are quite
simple. Where they both occur, polar bears kill and eat seals. The
seal most available to polar bears is the ringed seal (Lentfer 1972).
Bearded seals are taken much less frequently. There are several reported
instances of polar bears attacking and eating belukha whales (Freeman
1973, Heyland and Hay 1976). This apparently happens most frequently
when belukhas have become trapped in small polynyi by the formation of
new ice. Bears frequently scavenge on carcasses of bowhead whales and
walruses. It is possible for them to occasionally kill a walrus. It is
unlikely that bears often encounter spotted seals as their distributions
hardly overlap.

Arctic foxes frequently scavenge the remains of polar bear kills,
as well as any other carcasses of marine mammals. They also kill and
eat ringed seal pups which are restricted to subnivian lairs (Smith and
Stirling 1975, Smith 1976). Because of their small size, it is unlikely
that arctic foxes ever kill healthy, weaned seals.

Humans, as high-level consumers , interact tropically with all
marine mammals. They are predators of seals, whales, walruses, bears
and foxes. They compete with polar bears for seals and with seals for
fish. Perhaps more important than these direct interactions are existing
or potential “indirect” interactions such as displacement of seals by
noise disturbance or contamination of the ocean with pollutants causing
alterations in prey availability.

F. Potential Effects of Oil Development

The main objective of this project has been to develop an understanding
of the trophic relationships of marine mammals and to assess the potential
effects on marine mammals of changes in the trophic structure of the
Beaufort Sea which may result from OCS exploration and development. If
the magnitude and kinds of changes to be expected were known, our task
would be relatively easy. However, such work as has been done on the
fate and effects of hydrocarbons in marine systems merely emphasizes the
complexity of the problem and, as yet, has yielded little of predictive
value.

In order to assess the impact of oil in the environment in a
quantitative sense, two sorts of information must be available. First,
the quantities and kinds of petrochemicals expected to be released into
the environment must be estimated. In addition, the probable vertical
and horizontal distribution and persistence of these compounds must be
known. From this, the duration and concentration of the various chemicals
in various habitats (i.e. under ice, water column, sediments) must be
predicted. These tests are not within the realm of this project.
However, a general discussion of these considerations can be found in
Ross et al. (1977).
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The second kind of information required is an evaluation of the
effects of expected levels of petrochemical pollution on representative
organisms. Consideration must be given to effects on all life history
stages as well as to sublethal effects which may significantly alter
long-term population levels. This information coupled with knowledge of
basic biological parameters (e.g. seasonal movements, reproductive
rates, growth rates) of the species under consideration might allow a
prediction of the expected effects on population levels of the species
tested. If the species tested were well chosen and a sufficient knowledge
of ecological interactions such as food dependencies and competition
existed, an evaulation  of effects at the ecosystem level might be attempted.

Numerous ongoing projects presently deal with lethal and sublethal
effects of petrochemicals on marine organisms. Unfortunately, few of
the organisms being tested appear important in the food webs of marine
mammals in the Beaufort Sea.

Organisms of key trophic importance in the Beaufort Sea pelagic
food web are arctic cod, euphausiids, hyperiid amphipods and mysids.
Other major groups are copepods, gammarid amphipods and spider crabs. A
brief discussion of the results of contamination studies on these groups
follows.

Arctic cod are probably the single most important species, from a
trophic standpoint, in the Beaufort Sea. Essentially nothing is known
about the effects of hydrocarbon pollution on this species. However,
acute toxicity tests have been done on other species of cods in Alaska.
DeVries (1977) in reporting results of preliminary tests stated that
Alaska pollock and Pacific cod died within 2 hours of exposure to 4 ppm
naphthalene at +l°C. At 3 ppm they lost equilibrium after 3 hours and
ceased to ventilate after 13 hours, with no recovery upon return to
clean sea water. In contrast, sculpins and flatfish tested at 4 ppm
lived 20 hours, and at 3 ppm suffered only 10 percent mortality after 48
hours.

Grose (1977, cited in Clark and Finley 1977) reported that 70
percent of the Atlantic pollock eggs (Pollachius  virens) within the Argo
Merchant slick area were moribund and had adhering oil globules. In
adjacent areas a greater percent of the eggs were viable but 64 percent
showed evidence of oil contamination. Cytogenetic studies indicated a
high incidence of abnormal development.

Kuhnhold (1970), working with another cod species, Gadus morhua,
found water extracts of crude oils to be highly toxic to eggs tested 5-
30 hours after fertilization. Mortality was lower in older eggs, but
many of the hatched larvae were abnormal and died within a few days.
Mironov (1967) also working on cod found that crude oil killed all eggs
within 2 days at 100 ppm and within 3 days at 10 ppm.

Arctic cod in the Beaufort Sea probably spawn near shore under the
fast ice in January and February. Their eggs develop in surface waters
under the ice (Rass 1968). The egg stage lasts 1.5–3.0 months, and the
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larval stage, which is also present in surface waters, lasts about 2
months. For these reasons, arctic cod are potentially very vulnerable
to impact from petroleum development activities. Because the eggs and
larvae are in the upper water column, they are likely to be exposed to
surface SpillS$ emulsions and dispersions. In other species eggs and
larvae appear to be the stages most sensitive to contamination (Eldridge
et al. 1978), and this sensitivity may be compounded in arctic cod by
the long egg and larval stages.

The schooling of the adult arctic cod at spawning time in nearshore
areas, particularly near narrow cracks in the ice, places them in the
areas most likely to be contaminated by winter oil spills. It also
suggests that in the event of a catastrophic spill or blowout a large
proportion of the breeding segment of the population might be affected.

To our knowledge the effects of hydrocarbons on the other three key
species groups, euphausiids, mysids and hyperiid amphipods, are completely
unknown. Some tests have been run on arctic copepods, gammarid amphipods
and spider crabs. Corner (1976, cited in Eldridge  et al. 1978) found
the copepod Calanus helgolandicus to accumulate hydrocarbons through its
diet. Accumulation and deputation were slower when the hydrocarbon
source was from contaminated food rather than in solution in the water.
Percy and Mullin (1975) found the copepod Calanus hyperboreas, a prey
species of arctic cod and bowheads, to be “remarkably resistant.” On
the other hand, they found the amphipod Onisimus glacialis to be the
most sensitive of all invertebrates tested to oil-contaminated sediments
and dispersions of oil in water. Onisimus is known to clean rocks of
asphaltics  (Atlas, pers. comm.). To our knowledge asphaltics do not
transform and their fate once ingested by amphipods is unknown. Busdosh
and Atlas (1977) reported that, in Beaufort Sea gammarid amphipods,
gravid females subjected to the parafinic fraction of Prudhoe Bay crude
oil lost their eggs.

The susceptibility of crabs to petrochemicals is suggested by the
work of Karinen and Rice (1974) and Parker and Menzel (1974). Karinen
and Rice found that oil emulsions at 1 ml/1 and less caused autonomizing
of limbs in newly molted tanner crabs. They also found a delay of molt
and lower rates of molt success. Parker and Menzel, working on crab
larvae (hermit, spider and stone), found them sensitive to No. 2 fuel
oil. Concentrations of 0.5 ppm retarded growth and inhibited molting in
hermit and spider crab larvae. Smith (1976) found that exposure to Gulf
of Alaska crude oil caused alteration of gill ultras,tructure  in Alaska
king crabs. Mironov (1970) states that crabs which have highly resistant
adult forms often have sensitive larvae. Rice et al. (1976) did acute
toxicity tests on tanner crab larvae with Prudhoe Bay and Cook Inlet
crude oils and found that, although actual death occurred quite slowly
and at relatively high concentrations, moribundity happened at concentra-
tions as low as 1-2 ppm.

In predicting or assessing the effects of petroleum exploration and
development on trophic interactions among species, one must consider a
multitude of questions. Not only is it important to know the direct
effects of hydrocarbons on critical prey species, but one must also
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evaluate temporal variations in prey sensitivity, critical times or
areas for particular prey species and critical feeding periods for
predator species. Two examples follow.

1. Ringed seals in the Beaufort Sea feed extensively in late
summer on nektonic crustaceans. This feeding period may be dispro-
portionately important to the general well-being of the seals throughout
the year. Food reserves accumulated during this time may enable animals
to survive through ice-covered winter months. They may also be important
to pregnant females with newly implanted fetuses. An event affecting
nekton availability at this time might have far greater ramifications
than if it occurred at another time.

2. Arctic cod spawn in nearshore areas under the ice. Eggs ,
larvae, juveniles and adults at some times of year are localized in
areas where oil contamination is likely to occur. Because egg and
larval development is so slow, these sensitive stages could be exposed
to pollutants for long periods of time.

Pollutant levels high enough to cause large-scale die-offs of
individuals will probably occur only on a very localized basis (except
where oil or pollutants are trapped under the ice and transported long
distances in a relatively unweathered state). The greatest concern may
not be with these local catastrophic events but with long-term sublethal
effects of pollutants. Individuals may not be killed directly, but very
low concentrations of pollutants may affect locomotion, metabolism or
reproduction and lead to substantial reduction of populations over
several generations (Percy and Mullin 1975). These long-term reductions
are of special concern in considering food availability to consumers.
Figure 14 presents a diagrammatic representation of the possible pathways
of spilled oil in the Beaufort Sea marine environment.

VIII . Conclusions

Bearded seals are relatively uncommon in the Beaufort Sea. They
eat mostly crabs, shrimps, clams and other benthic organisms. Arctic
cod are eaten during late fall and winter. It appears unlikely that OCS
activities in the proposed Beaufort Sea lease area will have a measurable
impact on bearded seals.

Ringed seals are abundant in the Beaufort Sea and compete with and
provide food for other marine species. They feed mostly on a relatively
few species which are primarily pelagic. These species are: Boreogadus
saida (arctic cod), Parathemisto libellula (hyperiid amphipod), Thysanoessa
spp. (euphausiid) and Mysis littorals (mysid). Seasonal changes in
prey are evident. Indirect evidence suggests that optimum feeding
conditions occur when prey are present in dense concentrations.

Available information on the distribution, abundance and natural
history of the major prey species is inadequate. Information on hydro-
carbon sensitivity of these species is totally lacking. Until such
information becomes available, the potential effects of OCS development
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in the Beaufort Sea on ringed seals cannot be quantified. However,
based on the scanty information available, a real potential for a detri-
mental effect does exist. Changes in abundance of ringed seals in the
Beaufort Sea can be expected to influence populations of other marine
vertebrates.

Ix. Needs for Further Study

Distribution and abundance of arctic cod are virtually unknown in
the Beaufort Sea. Spawning time and locations are unknown. Very limited
data are available on feeding. Prey specificity, seasonal variation in
prey, availability of alternate prey items and sensitivity of prey to
hydrocarbons. should be examined. With this information it would be
possible to evaluate the sensitivity of this link. Arctic cod are one
of the most important forage species in the Beaufort Sea. Research
should be undertaken immediately to fill in these data gaps.

Data are needed on a seasonal basis on the distribution and abundance
of key invertebrate prey species, the factors determining their presence
or absence and the timing of important life history events in the Beaufort
Sea.

These species are:

Pelagic amphipods -
Mysids
Euphausiids

Parathemisto  libellula

!!!@& littorals
Thysanoessa raschii and T. inermis.

Some information on these species is available in the literature.
It should be compiled and analyzed in light of questions pertaining to
petroleum development. If critical feeding areas for high-level consumers
exist in the Beaufort Sea, they will be determined in part by the distribution
of these organisms.

There is a need for an assessment of the sources and rates of
production, as related to ice, oceanographic and meteorologic conditions.
Magnitude and causes of natural variation, relative rates of production
in open water versus under sea ice, contribution of ice algae and the
possible effects of heavy or light ice years on total production should
be explored. With this information one should be able to delineate
areas and/or times in which oil spills would be most detrimental to
production, i.e. under the ice or in open water, during winter or summer
months.
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Appendix I. List of common and scientific names
and prey organisms included in this

A. Marine Mammals

Bearded seal
Ringed seal
Spotted seal
Walrus
Belukha whale
Bowhead whale
Arctic fox
Polar bear

B. Fishes

Arctic cod
Sculpins
Eelpout

c. Invertebrates

Mysids
Euphausiids
Isopods
Hyperiid amphipods
Shrimps

Spider crabs
Clams
Hermit crabs

of the marine mammals
report.

Erignathus barbatus
Phoca hispida
Phoca largha
Odobenus rosmarus divergens
Delphinapterus leucas
Balaena mysticetus

- lagopus
Ursus maritimus

Boreogadus saida
F. Cottidae
Lycodes spp.

Mysis SPP., Neomysis spp.
Thysanoessa inermis, ~. raschii
Saduria entomon
Parathemisto libellula,  ~. abysorrum
Eualus gaimardii, Sclerocrangon boreas,

Sabinea septemcarinata
Hyas coarctatus, Chionocetes opilio
~ Sp.
Pagurus spp.
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I. Summary of Objectives, Conclusions, and Implications with Respect

to OCS Oil and Gas Development

Basic objectives of this project were to document the relative numbers and

seasonal distribution of cetaceans in Prince William Sound, Alaska and to

determine major foraging and accumulation areas for principal species.

With regard to peak numbers, Odontocete  (toothed) cetaceans are far more

numerous in Prince William Sound than are Mysticete cetaceans. Based on

aerial surveys conducted in 1977, it is estimated that more than 8,500

Odontocete whales inhabit Prince William Sound during the summer months.

Mysticete whales probably do not number over 100 animals during the peak of

the summer season, but many more pass through the area on migrations to or

from feeding grounds in teh Bering Sea. It is estimated that almost the

entire population of gray whales, Eschrichtius robustus, passes through the

Northeast Gulf of Alaska twice yearly. Surveys conducted at Cape Sarichef

on Unimak Island indicate that over 10,000 gray whales passed into the

Bering Sea by mid-June in 1977.

Within Prince William Sound major foraging by whales and porpoises occurs

in the area between Naked Is., Perry Is. and Eleanor Is. during May and

June, and then is especially concentrated in the southwest area of the

Sound for the remainder of the forage season which lasts through October.

Additional feeding by both porpoise and whales was observed in both

Hinchinbrook  Entrance and Montague Strait from May through October.

It is presumed that oil and gas development impact on cetaceans will arise

from two sources. The first will be disturbance due to human activity

associated with exploration and development, and is expected to be minor

since significant vessel activity occurs in the study area at present.
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The second potential impact on cetaceans will be caused by oil spills.

Either a spill from a drilling rig in the Northeast Gulf of Alaska or

aspill by a loaded tanker outside Prince William Sound could impact

cetaceans. Direct impact would include oiling of the animals themselves,

while secondary impact would affect the food chain upon which the whales

are dependent. No estimate of severity of impact from spilled oil is

ava

II.

Iable, but it is assumed to be potentially serious.

INTRODUCTION

Between May 1976 and October 1977, periodic field surveys were conducted

in Prince William Sound and the adjacent northern Gulf of Alaska. These

surveys were designed to identify and enumerate the various whales and

porpoise found in these areas. The results presented here represent part of

the effort by the U.S. Fish and Wildlife Service, the National Marine

Fisheries Service, and the Alaska Department of Fish and Game to obtain

baseline resource data from outer continental shelf areas in Alaska. These

data will be used by the Bureau of Land Management to evaluate the probable

impacts on natural resources from development of petroleum reserves in

Alaskan waters.

The objectives of this study were to:

1. Determine

2. Determine

While marine scientists

relative numbers and seasonal distribution

major foraging

feel confident

and accumulation areas.

that an oil spill in an area

inhabited by sea otters, Enhydra lutris, will be extremely damaging to

those otters actually oiled by the spill, there is much less concurrence

about the effects of oil spills on cetaceans. Kooyman, et al. (1975)

found that gray whales, ~. robustus, actively take surface water into

the upper sacs of the respiratory system. Should these findings apply to
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most, or all, cetaceans, it would indicate a much higher vulnerability to

oil spills by these animals than originally suspected. Another area of

concern is the likelihood of disturbance to cetacean populations by

exploratory and development activity in the lease areas and from or by

marine petroleum transport corridors, such as Hinchinbrook  Entrance and

the port of Valdez. The Marine Mammal Protection Act of 1972 states that

it is illegal to harass marine mammals without a permit, and the House

report. (supra note 22, at 4155) defines harass to include “the operation of

motor vessels in waters in which these animals are found” (Coggins, 1975).

The National Marine Fisheries Service, however, has promulgated regulations

which make only intentional harassment of cetaceans illegal.

III. CURRENT STATE OF KNOWLEDGE

Apparently no previous studies of cetaceans in Prince William Sound have

been conducted. The U.S. Fish and Wildlife Service, the Alaska Department

of Fish and Game, the National Park Service, the U.S. Forest Service,

personnel of the National Marine Fisheries Service as well as numerous

commercial fishermen have reported incidental sightings of cetaceans in

Prince William Sound during the course of other activities. A list of

cetaceans known to occur in the Sound is included in Table 1.

We know, from conversations with people and organizations familiar with

Prince William Sound, that certain species of large whales occur on a

semi-regular seasonal basis, and that at least two species of porpoise

occur in the Sound year-round. However, until now, we have had no knowledge

of numbers of animals in the area. Brochures produced by the Forest

Service and the National Park Service provided information on cetaceans

those groups had seen; and Karl Schneider, Ken Pitcher and Don Caulkins of”

Alaska Department of Fish and Game provided records of their previous and
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current cetacean sightings. Jim Johnson of the National Marine Fisheries

Service mentioned sighting numerous humpback whales, Megaptera novaeangliae,

in Prince William Sound during the early 1950’s; while Jim King of the Fish

and Wildlife Service mentioned that he saw no humbacks  in the Sound in the

late 1950’s. Pete Isleib of Cordova saw very few humpbacks in the mid to

late 1960’s, but noted that they were becoming more numerous in the

early 1970’s. These observations of numerous humpback whales present in

the early 1950’s, few in the late 50’s and 60’s and increasing sightings

in the 1970’s coincides well with the timing of pelagic whaling by the

Japanese and Soviets in the Gulf of Alaska. Major effort by these two nations

began in the mid 1950’s, peaked by about 1965, and dropped to nothing with

the granting of protection to humpback whales in 1966. Fin whales, Balaenoptera

physalus,  have been reported in the Sound by the Forest Service and the

National Park Service, but I considered this species a casual visitor until

many were sighted during a Fish and Wildlife Service aerial survey over the

area in 1975. All sources reported minke whales, Balaenoptera acutorostrata,

to be common visitors, perhaps even residents of the Sound. Both commonly

sighted species of small cetaceans, Dan porpoise, Phocoenoides dalli, and

the harbor porpoise, Phocoena phocoena, were reported to occur in varying

numbers throughout the year by most sources. Gray whales have been sighted

passing through the northern Gulf of Alaska on their annual migration by

Richard Macintosh of the Kodiak laboratory of the National Marine Fisheries

Service. Gray whales have also been sighted in the Kodiak area by other NMFS

observers (Rice and Wolman, 1971), and by Fish and Wildlife Service observers

aboard OCSEAP vessels near Montague Strait in Prince” William Sound.

Thus it was clear, before this project started, that investigators from

various agencies had seen whales and porpoise in and near Prince William Sound.

i.
636



It was a lso c lear  that  no systemat ic  e f for t  had been made to quantify the

numbers and distribution of cetaceans in the Sound, even though sizeable

populations of whales and porpoises were thought to inhabit the area.

IV. STUDY AREA

Prince William Sound is located in southcentral Alaska at the northernmost

point of the Gulf of Alaska (Figure 1). Central latitude and longitude

of the area is approximately 60°30’ North latitude by 147°00’ West longitude,

though the study included an area of over 6,500 Nautical mile2 (10,000 km2).

The area was created during the Pleistocene by repeated advance and retreat

of glaciers (Coulter,  et al, 1973), and is characterized by a series of

deep fjords located around the perimeter while several large barrier islands

form the southern boundary. Because of its protected nature and oceanic

accessibility through two major entrances, Hinchinbrook  Entrance to the

east and Montague Strait to the west, the Sound has recently been described

as a potential petroleum cesspool due to the wind and current patterns in

the Gulf of Alaska (NEGOA Synthesis Meeting, December 1976). While it

has the potential of becoming a cesspool in the future, at present Prince

William Sound is a relatively untouched marine gem with extensive natural

resources. Marine mammals, birds, fish and invertebrates abound, and the

macrophytic growth is luxurious. Today these resources undergo relatively

light utilization by man, with the exception of salmon, herring, crab and

some macrophytes.

The climate in Prince William Sound is decidely northern maritime with rain

and clouds corrrnon in spring, summer and fall, and snow and rain common in

winter. Temperatures are mild with highs in the summer generally less

than 18° C and lows in the winter normally above 0° C. Wind is a common
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feature with two general patterns visible. Winds tend to be light and

variable in the summer, but change to strong southwest to southeast

blows in the fall, winter and spring when associated with the passage

of frontal lows. Throughout the year, but especially during high pressure

periods in the winter, the winds change more to north to northeast and

blow down canyons and fjords with velocities of 70 knots or greater.

Dur

fog

vis

ng the passage of occluded lows, the entire area may be blanketed by

and low clouds for several days, but during periods of high pressure,

bility may exceed 100 kilometers. Marine (surface)

nter.range from 11° C to 13° C in the summer to 1°

Because of the abundance of forage fish in Pr

water temperatures

C to 4° C in the w

nce William Sound, high

trophic level consumers, such as marine mammals and birds, find this area

a nearly ideal seasonal niche. Commonly utilized forage fish include

herring, Clupea harengus  pallasi, capelin, Mallotus villosus, pollock,

Theragra chalcogramma, and sand lance, Ammodytes hexapterus.

Y. METHODS

The study has utilized semi-standarized marine mammal survey techniques

(Leatherwood and Platten, 1975). These have included strip census

techniques from fixed-wing aircraft and surface vessels, streamer tag

deployment for mark-recapture studies, and natural mark identification for

unique individuals.

Strip census techniques as utilized in marine mammal studies vary

considerably from one study to the next because of the different char-

acteristics of various orders of marine mammals. For the aerial survey

portion of this study, predetermined fixed transects were flown at fixed

altitudes and speeds (Figure 2).
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A measurement of the right angle distance of each animal sighted was made

by measuring the declination angle of the animal relative to the aircraft

with a standard inclinometer. Using the computation:

B=a/TanB or b=a CotA—

the horizontal distance between the survey aircraft and the target was

determined. This distance clearly varies as a function of observer exper-

ience, weather and sea conditions, and platform speed and altitude (Caughley,

1976). In order to minimize the effects of these variables, a standard

platform, the McKinnon  Turbo-Goose, was utilized. This converted Grumman

Goose is equipped with a navigation suite including a VLF band position

locator. This instrument, model GNS-500, provided a continuous digital

readout of the platform’s position in longitude and latitude measured to

1/10 nautical mile. All animal sightings were voice recorded on magnetic

tape by the observer. Each sighting included the following information:

Species identification

Number sighted

Time of sighting

Position of sighting

Platform speed

Platform altitude

Clinometer reading

Comments on animal behavior observed

Upon return to Anchorage, the magnetic tapes were manually stripped of

information and resulting data was coded on Environmental Data Service approved

marine mammal sighting records and batch submitted for processing (Appendix 1).
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Vessel surveys differed significantly from aircraft surveys in that

several activities in addition to marine mammal observations were

conducted. These included remote tagging of both large and small ceta-

ceans; and the collection of certain environmental data such as surface

water temperature, water depth, weather pattern, wind speed and direction,

sea state, air temperature, and barometric pressure. These data, along

with the sighting data, were recorded on approved record sheets. Sub-

mission of data records to the keypuncher occured on a regular basis.

Final data submission was in December 1977. During vessel surveys, a

marine mammal watch was posted continuously during daylight hours.

The track design of the vessel surveys was different from those described

above for the aircraft. Because we were interested in describing areas

of extensive utilization, we attempted to traverse areas that had been

noted in the past to have large populations of cetaceans. As time allowed

the vessel surveys also covered as much as possible of the rest of

Prince William Sound.

VI. RESULTS

The data presented here represent those collected during the study, as well

as migratory data for the gray whale, ~. robustus.

During the study five aerial surveys representing 2144 nautical miles (3281 km)

of survey trackline and ten vessel surveys covering 3094 N. mi. (4735 km) were

completed. Combined trackline totals

effort (Table 2). During the surveys

This represents .562 cetaceans/N. mi.

represent 5238 N. mi. (7986 km) of survey

2945 cetaceans were actually sighted.

(. 368 cetaceans/km). Statistical data

relating to cetacean sightings is shown in Table 3. Corresponding

showing sightings by species and as a function of effort are shown
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In general cetaceans became increasingly obvious and abundant starting

about late April or early May and peaked in numbers during the late

summer. By late fall (October) the numbers appeared to be declining, and

by January the area appeared almost devoid of cetaceans, especially the

larger whales. Both Dan and harbor porpoise were present throughout the

year, though centers of distribution varied seasonally. Dan porpoise were

most abundant well inside the Sound, while harbor porpoise were concentrated

in the Hinchinbrook Entrance area during fall and winter.

Annotated Species Accounts

Dan porpoise - Phocoenoides dalli

This typically pelagic porpoise occurs in the North Pacific Ocean from

Baja California to the northern Bering Sea. It is clearly the numerically

dominant cetacean in Prince William Sound. Dan porpoise were sighted

throughout the year. During the study Dan porpoise were observed on 419

occasions. These sightings represented a counted population of 1,762

individuals. Average group size was 4.70 porpoise/group, and group sized

ranged from 1 to 35 individuals per group. Larger

in the Sound in winter by the Alaska Department of

Tillman,  1977).

groups have been sighted

Fish and Game (Hall and

Sightings of Dan porpoise accompanied by calves have been limited to spring

(March-Apri 1 ) and late summer (August-September). Newborn Dan porpoise

in Prince William Sound frequently have light gray pigmentation on the dorsal

surface of the head, and are thus distinct from adults by coloration as well

as size. As the young porpoise grow the gray pigmentation fades to a

“skullcap” surrounding the blowhole. By mid-summer these young animals are

indistinguishable from older Dan porpoise by coloration, though they still
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are sma17er in size. Observation of the gray area is difficult due to

light reflection and refraction near the surface of the water. Reliable

observation of this gray coloration in young Dan porpoise could only

be accomplished by standing directly over the animal as it rode the

bow wave of the tagging vessel. This was accomplished by mounting a

one meter long bow pulpit to the foredeck of the tagging vessel, thus

allowing observations from almost one meter ahead of the cutwater.

Previous reference to this color pattern phenomena in young Dan porpoise

has not been mentioned in the literature. It is unknown whether or not

this color pattern is present in stocks of Dan porpoise from the western

Pacific.

During the study a total of 23 Dan porpoise were marked with modified FH-69

Floy porpoise tags. Thus far one reliable resight of a tagged animal has

been made. A Dan porpoise tagged in Chatham Strait (57°55’ North by

135°00’  West) on May 12, 1977 was resighted by an Alaska Department of

Fish and Game enforcement vessel in the same general area of Chatham Strait

(58°05’ N. by 135°00’  W.) on August 12, 1977. During the 90 day interval

between tagging and resight the porpoise covered only a net of 10 nautical

miles. This apparently restricted home range is very similar to the

findings of Mororejohn  for the same species in Monterey, California

(unpublished ms. ).

A uniformly gray Dan porpoise was sighted twice in 1976 in the Sound and

was sighted three times in 1977 from the vessel, but not at all from the

aircraft. An additional sighting of a uniformly gray Dan porpoise was

reported by C.S. Harrison from near the Barren Is. in 1975. A total of

6 sightings of uniquely pigmented adult Dan porpoises from in and near

Prince William Sound have been made. In 1976 these animals were accompanied

by 50 and 2 other Dan porpoises respectively. In 1977, gray Dan porpoises
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were accompanied by 10 Dan porpoise on two

porpoise on the third occasion. Capture of

was attempted in August of 1977, and though

occasions and by 7 Dan

this uniquely marked animal

the animal was netted while

bow riding, it managed to escape from the head net before it could

be examined. As soon as it escaped, the entire group of accompanying

Dan porpoise sounded and surfaced very quietly several hundred yards

away from the capture boat. Although the gray Dan porpoise was

extremely visible when near the vessel due to its light gray color, after

the aborted capture attempt it was almost impossible to identify the gray

animal when it surfaced in a group of normally pigmented animals. Only

by using binoculars could the gray animal be identified at over 100 yards

distance. It is unlikely that other investigators would recognize this

(these) animal (s) unless the investigator were actively checking every Dan

porpoise sighted.

I believe that the 5 sightings of these uniquely marked animals inside

Prince William Sound over a 24 month period represent home range records

for the surruner season. If this hypothesis is correct, it adds further

data to that of Moorejohn for Monterey Bay and the tag resight from

Chatham Strait, and indicates that these animals, at least in the eastern

North Pacific, may be quite restricted in individual movements, especially

on a seasonal basis.

In 1977 an inappropriate population estimator was used to estimate the

population of ~. dalli in Prince blilliam Sound (Hall and Tillman, 1977).

More recently the estimator developed by Eberhardt (1968) has been

utilized since the data meet the assumptions required that estimator

(See Crain, B.R. eta”

Beta distribution aria”

categorizing the data

Y 1978 for a more complete review of the modified

ysis). The technique developed by Eberhardt involves

by cells of increasing sighting distances. The
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resulting product of the equation:

D=n(k+l)2
4Lxk (k+ z)

is an estimate of the density of animals per transect length unit, where

D= density per survey length unit

n= number of sightings

L= length of transect

X= average sighting distance

k= the shape of the curve describing the sighting rate as a

function of sighting distance (where k=l the curve is

linear, where k> 1 the curve is convex and if k-=1 the

curve is concave).

The Dan porpoise population, based on the summer (6/6/77) aerial survey,

is estimated to be 7,328 animals with 95% confidence limits (based on

right angle sighting distance) of 5,406 and 9,972 animals. This popu-

lation estimate is based on 4,866 nautical miz of Dan porpoise habitat

inside the Sound and 6,109 N. mi2 outside Prince William Sound, but within

the overall study area (total habitat= 10,975 N. mi2). These habitat

figures were developed using a Numonics 1224 Graphics Computer on Landsat

MSS Band 4+5 imagery and NOAA chart No. 16700. The inshore limit of Dan

porpoise habitat was defined as the 10 fathom isobath because Dan propoise

were only rarely seen in water less than 10 fathoms deep. The offshore

limit was 59°30’ N. latitude to the south, 149°30’ W. longitude to the west

and 146°00’ W. longitude to the east.

Using the same estimator described above, an estimate for the within

Prince William Sound Dan porpoise population was calculated from the fall

(9/12/77) aerial survey data. The results are listed on the following page.
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DATE POPULATION ESTIMATE 95% CONFIDENCE LIMITS

9/1 2/77 6,756 5,137 - 9,785

“2. AlthoughThis estimate is based on a habitat area of 4,866 N. ml

aerial surveys were conducted during January and March in 1977, insufficient

numbers of P. dalli were sighted during the flights to allow development—

of population estimates for winter and spring, though the populations are

clearly lower than during summer or fall.

Harbor porpoise - Phocoena  phocoena

This small odontocete cetacean is world wide in distribution, and in

the Eastern Pacific the animal ranges from about Pt. Conception in

California to the Arctic Ocean near Pt. Barrow, Alaska. In the study area

harbor porpoise were infrequently encountered anytime between June and

September, however, a large population of this species occupies the

area in and near Hinchinbrook  Entrance from mid-summer until late

April . Eighty-four harbor porpoise were sighted in and near Hinchinbrook

Entrance during a 6 mile long segment of an aerial survey completed in

September 1977. These porpoise, when near Hinchinbrook  Entrance, are

always associated with the plume of turbid water from the Copper River.

As soon as the aircraft left the area of turbid water, sightings of this

species declined to almost zero. I presume that the animals are feeding

in the more turbid water from the Copper River, perhaps on forage species

concentrated by the edge effect and mixing of the Copper River plume

with the Gulf of Alaska waters in Hinchinbrook  Entrance. During the study

315 harbor porpoise were sighted on 136 occasions. One hundred seventeen

of the sightings

vessel sightings

Alaska cruise of

were made during aerial surveys and the majority of

were made in May 1977 during the nearshore Gulf of

the tagging vessel.
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Using the density estimator described in the section on Dan porpoise,

I calculated the population ofP_. p hocoens for winter (1/26/77), spring

(3/12/77) and late summer (9/12/77) aerial surveys. The results are

presented below and in Table 3,

DATE POPULATION ESTIMATE 95% CONFIDENCE LIMITS

1/26/77 590 347 - 743

3/12/77 909 789 - 1,063

9/12/77 946 820 - 1,109

Because sightings of~. phocoena were almost entirely limited to the

turbid water of Hinchinbrook  Entrance, the habitat area denoted as suitable

for harbor porpoise was determined using the graphics computer and Landsat

MSS Band 4+5 imagery which shows the turbid glacial plume clearly (Figure 3).

Habitat areas were calculated from September 2, 1973 and February 28, 1976

images in order to compare periods of maximum and minimum terrestrial export

from the Copper River. However, only a 5% difference in turbid water

habitat was detected between the fall and spring images. Therefore the late

summer area (266 N. mi2) was utilized to represent the ~. phocoena habitat

for population level analysis.

Pacific White Sided Porpoise - Lagenorhynchus obliquidens

No sightings of this transient porpoise were made in the study area during

the surveys, however, Fish and Wildlife Service observers noted several

hundred of these gregarious animals about 30 miles south of Cape Cleare

(59°26’ N. latitude by 147°08’ W. longitude) in early October, 1976

(G. Sanger, pers. comm.).
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Killer Whale - Orcinus orca

Though circumpolar in distribution and found in tropical as well as

temperate and arctic seas, in the Eastern North Pacific killer whales

tend to be more abundant from Puget Sound north. Five hundred and

ninty six of these spectacularly marked animals were observed on 34

occasions during the study. While this species was observed throughout

the year in 1977, they were much more abundant from May through October.

It appears that a large feeding group (70+ animals) takes up station

in the south of Knight Island Passage (Figure 4) in June and is in the

general area until at least September. This timing coincides with the

seasonal migration of pink salmon into Prince William Sound via Montague

Strait and the passages between the islands in the southwest corner of

the Sound. In 1977, this feeding group of killer whales was observed five

times during a 75 day period (late June through early October), and were

never more than 10 miles from the initial sighting location. I believe

that these sightings represent seasonal home range records for killer

whales in Prince William Sound, and substantiate the results home

range studies by K. C. Balcomb of the National Marine Fisheries Service

in the Puget Sound area.

In May of 1977 a group of over 55 Q. orca was sighted in Knight Passage

near La Touche Island (Figure 5). As much as 20% (12 animals) of the

group appeared to be newborn calves. These calves stayed very close to

adult animals assumed to be their mothers, blew more frequently than large

animals in the group and appeared to have an almost orange pigemntation  in

the eye patch area. K.C. Balcomb (pers. comm.) has also noted this orange

tint in newborn Q. orca calves in Puget Sound.
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Minke whale - Balaeno~tera acutorostrata

This species, the

sighted in Prince

minke whales were

Minke whales were

smallest of North Pacific baleen whales, was frequently

William Sound from May through October. Ninty-eight

sighted on 55 occasions during the study.

easy to approach if care was taken not to vary engine

speed during the approach. In June 1977, 3 out of a group of 12 whales

were tagged with the Floy tag. This group of 12 whales was located in the

area between Naked 1s., Perry 1s. and Eleanor 1s. This area is utilized

by minke whales each year during late May and June. These whales appear

to be quite curious and frequently approached the tagging vessel if it

was not underway. No obvious minke whale calves were spotted in the

Sound during the study. Most of the minke whales sighted during the study

appeared to be about 6 to 8 meters in length, but no obvious pair bonding

was evident.

While minke whales were sighted throughout the Sound and were concentrated

in the north-central area during May and June, one or more were always

present in Hinchinbrook Entrance near Montague Pt. Whether these animals

were entering or leaving the Sound is unclear.

California Gray Whale - Eschrichtius robustus

These whales, the most primitive of the Mysticeti, pass through the northern

Gulf of Alaska twice each year on their migration to and from the polar

seas. In spring (March-May) and fall (Nov.-Jan.) gray whales closely follow

the coast around the Gulfof Alaska, frequently passing through both

Hinchinbrook Entrance and Montagqe Strait.
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Aerial surveys conducted on April 13-14, 1977 from the Elizabeth Is.

(59°10’ N. latitude by 151°50’ W. longitude) to Cape Suckling (60°00’ N.

latitude by 143°54’ W. longitude) revealed the presence of 44 gray

whales (Figure 6). Most of the whales were less than one quarter

mile from the coast, often almost in the heavy surf. Three gray

whales were sighted milling in a small cove just off Montague Strait,

and another three were sighted milling in Hinchenbrook  Entrance.

The land based census at Cape Sarichef sighted over 2,100 gray whales

passing

Using a

passing

entered

sighted

mothers

into the Bering Sea from early April until early June in 1977.

polynomial regression technique based on daily counts of whales

Cape Sarichef, a calculated population of over 10,000 gray whales

the Bering Sea in 1977 (Figure 7). Very few gray whale calves were

entering the Bering Sea and it is probable that calves and their

either are late migrants or do not enter the Bering Sea.

Humpback Whale - Megaptera novaeangliae

Found in oceans of both the Northern and Southern Hemishperes, humpback

whales display both coastal and pelagiv characteristics. During the

summer they are found in the high latitudes feeding in protected coastal

waters, while in the winter they migrate to the tropics where calving

takes place. Many of the migrations to and from the feeding grounds

involve travel across expanses of open ocean. In this manner these

whales are exposed to both advantages and disadvantages of coastal and

pelagic habitats.

In the North Pacific humpbacks were lightly harvested prior to the early

1950’s (Rice, 1974). About 1955 though, the pelagic harvest of humpback

whales increased rapidly. By 1966 when international protection was declared
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for humpback whales, the North Pacific population had declined

drastically to just a few hundred animals. Humpbacks today appear

to utilize Alaskan waters extensively as feeding grounds during

the summer.

During the present study 257 humpback whales were sighted on 59

occasions. This species occurs in two distinct areas of Prince

William Sound during two separate periods. During the late spring

(May to 1 ate June) humpbacks were sighted in the northwestern area of

the Sound. Sightings were especially frequent in the area of Station

13 (Damkaer, 1977). This area is between Naked Is., Perry Is. and

Eleanor Is. and is characterized by very high primary and secondary

productivity during the spring of the year (Lawrrance, 1977; Damkaer,

1977). By early July the whales moved south to the area of Icy and

Whale Bays near Chenega Is. They remain there until late fall (Ott-Nov)

when most begin moving out of the Sound toward the tropical winter grounds.

Eight humpback whales were marked with the Floy tag during the study,

but none were resighted more than a few days after

shedding and tag mechanical failure is suspected.

Because humpback whales display distinctively marked

tagging. High tag

ventral surfaces

of the flukes when diving (Perkins and Whitehead, 1977), photographs of

humpback flukes from Prince William Sound were cataloged and are provided

as Appendix 3. The catalog contains fluke photos of 30 different humpback

whales sighted in the Sound during 1976 and 1977. Five of the 30 were

sighted two or more times in 1977.

of the cataloged animals during the

WHOI, pers. comm.), indicating that

Prince William Sound habitually.

6 5 0

Non-OCSEAP investigators sighted 3

period of June-August 1978 (W. Watkins,

at least some humpbacks may utilize



Finback Whale - Balaenoptera physalus

Finback whales, the largest whales sighted in Prince William Sound,

were seen on 11 occasions. These sightings represented a counted

population of 55 animals This species appears to limit its use of the

Sound to April, May and June. The animals appear to be spending a few

days in the Sound during their summer migration into Soviet waters in the

western Bering Sea (Berzin and Rovenin, 1966). Though finbacks  are

probably transients, during May and June thay are normally quite abundant

and very visible. Twelve were observed in Hinchinbrook Entrance on June

6, 1977, and 7 of the 12 were marked with the Floy tag. No resightings

of tagged animals have been reported to date. While investigators

in the Western Atlantic have found finbacks difficult to approach for

marking purposes (R. Maiefski, pers. comm.), finbacks in Prince William

Sound were found to be unusually docile and frequently paid little attention

to the approach of the tagging vessel.

VII. DISCUSSION AND CONCLUS1ONS

These data represent the better part of two years of field effort, yet

really only allow a glimpse of the cetacean community of Prince William

Sound. Effort during the period December through April was limited to

aerial surveys because of inclement sea surface weather, and as noted

in the tables and figures, the great whales (~. novaeangliae,  ~. physalus,

~. acutorostrata,  and E. robustus) are under represented. I believe——

this is because great whale use of the Sound is limited in time and space.

For example, humpback whales were sighted in the area of Station 13, with

very few observations from anywhere else, during May and June. The

presence of whales in this area is probably closely related to the high

primary and secondary productivity for the same area during those months.
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As the secondary production declined, humpbacks then moved to the area

of Whale and Icy Bays. They remained in this vicinity throughout the

remainder of the summer and fall. The only humpback sighted in the Sound

in winter was sighted in this general area in February 1977 by the

Alaska Department of Fish and Game. This indicated that at least one

humpback whale overwintered in the Sound rather than migrating to the

tropics with the rest of the population. Since the aerial survey transects

did not include either the area of Station 13 or the area near Whale and

Icy Bays, the only humpback whale sightings from the aircraft were those

entering Prince William Sound through Hinchinbrook  Entrance or enroute

to either of the above mentioned two areas.

While this geographically limited distribution of~. novaeangliae

in Prince William Sound produced an under representation of humpback

whales in the aerial survey results, it facilitated relocation of t h e

population during surface surveys.

I suspect that several groups of humpbacks may utilize the Sound during

spring, summer and fall. It is possible that each group is in residence

from a few days to a few weeks and then moves on to another area. On

October 3, 1977 several humpbacks were observed

of which had been sighted previously. Later in

a group of 15 humpbacks was sighted, apparently

through Hinchinbrook Entrance. Flukes of 12 of

near Chenega Is., some

the cruise, October 5, 1977,

just entering the Sound

the 15 animals were

photographed, however later examination of the photographs indicated that

this group had

It is unlikely

opterid whales

not been sighted previously in Prince William Sound in 1977.

that we would have overlooked such a large group of balaen-

on our previous cruises in 1977.

652



Finback whales, ~. physalus, also tended to be limited in distribution

to the Hinchinbrook  Entrance corridor and the general vicinity of

Station 13. However, finbacks were not sighted in the Sound after

late June, indicating that their departure may be related to the

decline in secondary productivity.

Killer whales,

mid-June until

surface effort

Q. orca, also displayed a limited distribut

at least early October. In 1977, when both

was most intense, a large group (70+) of ki

was sighted five times during a 75 day period between mid-,

early September. Throughout this 75 day period the whales

on from

aerial and

ler whales

une and

were never

sighted more than ten miles from the original sighting position. This

limited distribution, in the area of Pt. Helen on Knight Island is,

I believe, related to the presence of large numbers of migrating pink

salmon, Oncorhynchus gorbusha, entering Prince William Sound through

Montague Strait and nearby interisland passages.

While killer whales have a popularized reputation for agression, at

no time during the study was agression by the whales toward humans or

other mammals noted. Quite the contrary was true. If the animals

were actively pursued to obtain photographic records and reliable

estimates of group size and composition, the whales became very elusive.

By matching the vessel speed and direction to that of the whales though,

it was frequently possible to approach within 10 meters of the whales.

On one occasion in August 1977, two killer whales left the main group,

approached the tagging vessel and rode the bow and stern wakes for a few

moments before re,joing  the herd. The whales were generally quite curious

and frequently approached the boat and swam under and around it, apparently

examining the vessel visually.
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In the 1976 annual report I mentioned observing a large male killer

whale with a distinctive curve in the trailing edge of the dorsal

fin. Through 1977 this characteristic was noted in the dorsal fin of

every large killer, whale (assumed to be adult males) in Prince William

Sound. The group in residence near I(night 1s. Passage was composed of

at least five large animals with the dorsal fin curve characteristic.

It is possible that the peculiar dorsal fin curve observed in large

male killer whales i.n Prince William Sound represents a six linked

genetic trait, raising the possibility of a seasonally resident

and genetically isolated population of killer whales in the Sound.

Disturbance or exploitation of a genetically isolated population of

killer whales Woul’d be more deleterious than disturbance or exp”

of a genetically heterogeneous population.

While humpback and finback whales were extremely limited in the

oitation

r

distribution in Prince William Sound, minke whales, ~. acutorostrata,

were sighted throughout the study area. In June they tended to congre-

gate in the area of Station 13, much like the other balaenopterids. In

June 1977 a scattered group of twelve minke whales was sighted in this

general area. ‘Later in the summer minke whales were frequently encountered

near Montague Pt~ in Hinchinbrook Entrance. An additional sighting of

seventeen m’inke whales scattered between the Needle and Little Green Is.

was made during’s non-OCSEAP sponsered aerial survey in August 1976. While

the minke whale distribution in the Sound appears less constricted than

that of humpback whales, minke whales also responded to miscellaneous ship

noises by approaching the motionless vessel and apparently the whales made

a cursory examination of the submerged portion of the vessel before swimming
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away. This curiosity displayed by both humpback and minke whales was

especially prevalent during June, but was noted throughout the sumner

occasionally. Should this approach behavior be generalized and not

site specific, it is possible that both minke and humpback whales

will be attracted to surface generated noises of drilling rigs and

support vessels in the open waters of the Gulf of Alaska. Should this

behavior coincide with an oil spill, these curious whales would be

exposed to potential hazards on a much more frequent basis than whales

which actively avoid human activities.

Based on the sighting per effort figures in Appendix 2, it appears that

a shift in peak abundance by season occured in 1977, when maximum

numbers sighted per survey mile, for both mysticetes and odontocetes,

occured in the third quarter compared to a peak in sightings per effort

during the second quarter in 1976. These changes may be related to a

shift in the timing of high secondary productivity, unfortunately no

information on productivity at Station 13 in Prince William Sound is

available for 1977.

Even with a definate seasonal shift in peak populations of cetaceans

from 1976 to 1977, it is clear that cetaceans represent a significant

biomass in Prince William Sound from May through October, and this

pattern is probably evident even with interannual  seasonal shifts.
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CETACEANS REPORTED FROM PRINCE WILLIAM SDWJD

rable 1.

Order Cetacea

Suborder Mysticeti

Family

Family

Family

Family

Family

Family

Eschrichtiidae

Eschrichtius robustus

Balaenopteridae

Balaenoptera  physalus

Balaenoptera  borealis

- Gray whale

- Finback whale

- Sei whale

Balaenoptera  acutorostrata - Minke whale

Neqap tera novaeanqliae - Humpback whale

Monodontidae

Delphinapterus  leucas - Beluga

Ziphiidae

Ziphius cavirostris - Cuvier’s  beaked whale

Delphinidae

Orcinus orca - Killer whale

Lagenorhynchus obliquidens  - Pacific white sided porpoise

Phocoenidae

Phocoena phocoena  - Harbor porpoise

Phocoenoides  dalli - Dan’s porpoise
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Table 2

Survey No.

FW6079

FW6079

FW6079

FW6079

Non-OCSEAP

FW6079

FW7001

FW7002

FW7003

FW7005

FW7006

FW700’7

FW7008

FW7009

FW701O

FW7011

FW7012

FW7013

Date

5/17-/9 1976

6/14-18 1976

7/23 1976

8/1-6 1976

8/13 1976

11/18-23 1976

1/27 1977

3/12 1977

4/13-14 1977

5/8-13 1977

5/29-6/4 1977

6/6 1977

6/19-24 1977

6/28-30 1977

8/22-30 1977

9/12 1977

9/30-10/6 1977

4/7-6/7 1977

RU-481
FIELD ACTIVITY SCHEDULE

Technique Platform

Surface Nordic Prince

Surface Nordic Prince

Aerial Super Wigeon

Surface Nordic Prince

Aerial Beech Baron

Surface Surf Scoter

Aerial Super Goose

Aerial Super Goose

A e r i a l Super Goose

Surface Shelby D

Surface Shelby D

Aerial Super Goose

Surface Shelby D

Surface Shelby D

Surface Shelby D

Aerial Super Beaver

Surface Shelby D

Field Camp Cape Sarichef

Survey Coverage

230 N. mi.

380

210

397

234

145

295

470

350

780

370

480

370

300

680

520

310

(Gray whale census)



RU-481

Table 3a SIGHTING AND EFFORT DATA

1976

Surface Surface Aerial Aerial Surface Aerial

Sightings by Survey Effort Sightings by Survey Effort Sightings/ Sightings/

Quarter by Qtr. (N.Mi.) Quarter by Qtr.(N.Mi.) Effort Effort

Species J-MA-J J-S O-D J-MA-J J=S O-D J-MA-J J-S O-D J-MA-J J-s o-D J-MA-J  J-s O-D J-M A-J J-s o-u

Dal 1
porpoise 82 233299 16 300 320 480 135 / / 6 5 / / / 235 / .273 .728 .623 .118 / / .276 /

Harbor
porpoise 3 8 7 6 0 300 320 480 135 / / 0 / / / 2 3 5 / .001 .271 .012 0 //0/

Killer
whale O 73 85 0 / 320 480 135 / / 0 / / / 235 / O .228 .177 0 / / o /i

~co Humpback
whale o 30 93 0 / 320 480 135 / / 0 / / / 235 / c1 .093 .193 .007 / / (j /1

Mi nke
whale o 11 14 0 / 320 480 135 / / 29 / / / 235 / O .034 .029 0 / / .129 /

Finback
whale 0 1 3 6 0 / 320 480 135 / / 0/ / / 2 3 5 / o .040 .012 0 / / o Ii

,
I

Totals 85 437 503 17 935 / o 94 / 235 1.10 .400 1
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L--Humpback
%m whale
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1---Fi nback
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Table 3b
RU-481

SIGHTING AND EFFORT

1977

Surface Surface Aerial Aerial
Sightings by Survey Effort Sightings by Survey

DATA

Surface Aerial
Effort Sightings/ Sightings/

uarter- by Qtr.(N.Mi.) Quarter by Qtr. (N.Mi.) Effort Effort
-M A-J J-S O-D J-M A-M J-S O-D J-M A-J J-S O-D J-M A-J J-S O-D J-M A-J J-S O-D J-M A-J J-S O-D

/ 477 166 169 0 1240 620 300 55 125 75 / 740 860 310 0 / .384 .267 .563 .074 .145 .24I I

/ 55 10 0 0 1240 620 300 49 19 84 / 740 860 310 0 / .044 .014 / .066 .022 .270 /

/ 103 119 20 0 1240 620 300 1 0 6 9 / 740 860 310 0 / .083 .192 .066 .001 0 .222 /

1 50 20 53 3001240 620 300 0 1 8 / 1040860 310 0 .009.040 .032 .176 0 .001 .025 /

/ 2 8 7 1 O 1240 620 300 0 5 3 / 740 860 310 0 / .022 .011 .003 0 .006 .009 /

/ 2 0 0 0 O 1240 620 300 0 16 0 / 740 860 310 0 / .016 0 0 0 .018 0 /

J 733 322 243 , 2160 J05 166 239 / L 1910 1 .601 .267



. ..

670



4

1!I
tb

d
V

11L
C

1
LA

I
1

1/1I11Ib

O
bLi

tIO
1iiE

I
1)

'1'
'12

o1.
2bE

C
1E

Li
V

d11t0b11

3I

010
14

0
0

F
V

il
LJiU

I

'41
'.1

'41
'41

4.1
'41

'3
.13

i 1V
I

[[
(L6)

llD
(

(W
G

çG
L2)

V
111L11L

j Q]jQ
[

11i)E

b0iL
L

1011

)0L
C

O
1JiL

V
X

O
U

O
ftk

ci

i'v
1\

y

I1
A

'1
J1

I
.O

PM
w

rq
:c

i
1A

9.
1q

p.
,

\\
.i\

2IA
V

Ib

(cie
-CE

V

22

S
i

T 0I

w,: IF-

l-r L

1.1 1

671

I

I

I

I

I

I

(

,

!

I
I

I

I

1

I

i ’

i



WWWWUUUUDUUEJ IIIIHIIIHII 
eIi'I 
sqT 

nem.toeqa 
xethiwl1 

b19±1 
no±tzxeqO 
iedmuM 

ZtO99f1ZtT 
P xedmuM 

0, 'I 

LO14S, sa se 21 22 2 na 2 15 s a o i ss

14

C

ro
bOTc.ou JITWG

L

D4G 2b
(1p2)

MPOIG

o

g o
Cr

2

S - -
- I

SI $1 $0 Si $0 o n . Q iv o 0 *i tO 98 80 i 85 88 89 88 20 2 28 80 00 0$ 05 82

ru
beoc

89

El"

82 88 80 Q iO I S 2 9 2 S £0

-p4X'

80

L4

JO4]'rew
(cW) (Ciii)

rGIJw
40

B°21 B02f

D Ef

B°4

r6
PJ

H

ETI
DOL

4O;CJJ
co

EP
D0LI

Ek6
co

QbG
r6I
BH

tcqw
HR

rq
LI"
b6f

qç.r
EIflKG

DGbcp
EII1J6

I

si ss a s. SR s se s o ii RI RI Rb o '*1 s . .a e a o RI s

i

C
n\r
COWJI
JOO4JJ

r\rC°
JOOJJ

n\r
C0ff

BI6611

conII
C'JJLOf

I4OcCJJ

I49.AzT

I4O.ICW 4OçCJJ

W91JJ1i3

UI
0
C

U. S ● FISH AND WILDLIFE SERVICE

CE3!ACEAN  SPllCIMEN

HEADER CARD

0-!
u
ha

LOCATION CARD

MEASUREMENT CARD 4

MEASUREMENT CARD 2



UENDEB QVBD

WWP6L WIWPGL WIUJP6L
ETIG Ob6LcTOIS JL9iI26C.ç L1

if
beCruJ6u

0 S

2

M

2 I0 II Is 12 1.1 Is so

GIA YTITVJAUQ crOo' 

IoV (') 
boo' boo' 

tW 
boo' 

.IoV 
(Jni) 

boo' 
.JW IIu'E 

rfo.smoz-a 

(rn 
W 

a 
i o ie oe e e U O oc s 

IIHHIIIIH1HH1HTI1IIII
IHIIII.IuIIuIIIIIIIlIuIIR
IIIuuuuIIuIIHhIIHhIHhII
IHIHIIIIIIIIIIIHIIIIIIII
IuIII,IIIHhIIIIuIuIuIIHhI
IHhuuIHHhIuIIuuuIIuIHhI
IuuIuIHIHhIHHhuIIIHhuI
IuI.IIluiuuuuuIiflhIIIIIIIIQO 80

ciii
rsuw T6W

W9x

oc°nw

(Ciii) (Cw)
rsI MTqçJJ

dnq 2GrJ
WflUPGL

14

2b6c162 1D ot
£flJJ6L

$5 5'* 52 5.$2 S. S. 20 2225

I

U. S. FISH AND WILDLIFE SERVICE

MARINE MAMMAL FOOD HABITS ~

FOOD TYPE CARD

! I



U.S. Fish and Wildlife Service

Unimak Pass Census ,

DATE

Y! Mo Day

LL
MARKED

o r

TAGGED

TIME TIME CENSUS TOTAL
BEGIN END OBSERVER SITE SPECIES NO CALVES WEATHER WIND
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E,T
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;uJq MptijG- IA}
I)GLi 14}Ju]G- JJLW

1 1JLM1J 1ilu LM

11Ur U(JJ ijj2°
nuq MpJ3c n.If\p
}'JL1JJ OL 3TLJ-
oc}JGL ocL
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I;TUL 20uJ ;iu
IIULPOL Gu] -
ruL}Ju 6):r I9L
1'JJLrJc rJjL
I1o.cJJGLU tilL. iGJJ- L11L

MARINE MAMMAL CODES

Weather Code

00-Clear

Water Color Glare Code

O’I-21-  Forel-Ule
03-Cloudy
ftl-Fog
61-Rain
9/t-Hail
~1-Snow
51-Drizzle

U.Li/K!;l)  ATJIflAIr/’l’A(l  ‘T’Y}?E_—

m

O-None
1-1 tolc%
2-1~ to25%
3-26 t05wh
4-51 to75%

5-76 tol@%

Platform Activit~

l-Stationary
2-Drifting
3-Underway
5-Fishing
6-Ice ramming
T-Surveying
8-Transiting

Visibility Code
O- Under rOm 6-4 - 10kan
l-sl-200m

2-201-500m
~-5ol-looom
4-1001-2km
5-2-ftkm

Platform Type

l-Ship
5-Aircraft
B-Shore
G-Ice

7 - 1 0 -  2okm
8-20- 5okm
9-Over 50km

ol-
02-
c)3-
(-j/+_

05-
06-

Debri~ Code

$)-None present
l-Floatsam
8-Ship trash
A-Oil slick

I.D. Reliabilit~

O-Unsure
l-Probable
2-=Sure

2-Kelp
4-Foain

No behavior  observed
S1.eepinK
Tkeedinfl\Coplll ation
FeedjnC
Ilother/younC
fl~~re~~ive
P l a y / C o n t a c t
T30w r i d e
Porpoici.nC
Curious/Fol’Lowin{;

Sea State code

O-calm

I-Rippled
2-Wavelet
3-Slight(2-4’)
~-Mod~rate(ft-8’  )
s-Routih(8-lj5’)
6-Ver~ rough(13-20’)
7-High(20-30’)  Over 30~-c

Bottom !L’opo~aphy Code

00-Unsure 07-Sound
01-Seamount 08-Basin
02-Escarpment 09-Con~ Shelf
03-Canyon 10-Con slope
04-!xlyot 11 -Bay
05-Bank 12-Pas8
06-Trench I>Strait

Cetace3/Rirds
Pinniped/Rirds
(kt~cea/Pinni pcd
Synchronolls  l)ivin,~
Iloribund\Dead
11e3pin  C
llvoj.dance
Tail T,obinn
Halll.ed  Ollt
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Initial Sighting- 6/77 Resight 6/78 Resfght 8~78

Initial sighting- 6/77 Resight 8/78

712



Initial Sighting- 5/77 Resight 8/77 Resight 6/78

Initial Sighting 8/76 No Resights

713



Initial Sighting- 6/77 No Resights

Initial Sighting- 6/77 No Resights

714



'7

Initial Sighting- 6/77 No Resights

Initial Sighting- 6/77 No Resights
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Initial Sighting- 6/77 No Resights
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Initial Sighting-6/77 No Resights

Initial Sighting- 5/77 No Resights
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Initial Sighting- 6/77 No Resights

Initial Sighting- 9/77 No Resights
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Initial Sighting- 9/77 No Resights
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Initial Sighting- 6/77 No Resights

Initial Sighting- 8/77 No Resigh”ts
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Initial Sighting- 6/77 Resight 8/77

Initial Sighting- 5/77 No Resights
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Initial Sighting- 6/77 Resight 9/77

Initial Sighting- 6/77 No Resi.ghts
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Initial Sighting- 9/77 No Resights

.
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.. .

Initial Sighting- 6/77 No Resights
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Initial Sighting- 6/77 No Resights

Initial Sighting- 6/77 No Resights
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Initial Sighting- 6/77 No Resights

Initial Sighting- 6/77 No Resights
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:

/
Initial Sighting- 5/77 NO Resights

(This was a calf accompanied by an adult whale
near Icy Bay in the Gulf of Alaska)

Initial Sighting- 6/77 No Resights
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SUMMARY

A total of 240 otter trawl hauls were successfully completed in Ugak and
Alitak Bays on Kodiak Island during June, July, August and September 1976
and March 1977. The predominant taxa captured in order of importance were
snow crab, king crab, yellowfin sole, shrimp, great sculpin, flathead sole,
yellow Irish Lord, Pacific halibut, Pacific cod, walleye Dollock, starry
flounder and Gymnocanthus. Features of temporal and spatial distribution
and limited comments on growth and food habits are presented.

The catch composition was remarkably similar throughout the study area
with the exception of Deadman Bay, which had smaller catches and a some-
what unique species assemblage, The fish captured in Deadman Bay consist-
ed of a greater abundance of eelpouts, snailfish, stout eelblenny and
longsnout  prickleback  than occurred elsewhere, and lesser abundances of
everything else except flathead  sole, great sculpin and capelin.

Predominant species captured during summer in middle and outer Alitak Bay

were yellowfin sole, great sculpin, juvenile walleye pollock and Pacific
halibut. In March the predominant species were yellowfin sole, starry

flounder, great sculpin, and juvenile walleye pollock.

The predominant taxa captured during summer in inner Ugak Bay were yellow-
fin sole, flathead sole, great sculpin, capelin, yellow Irish Lord, Pacific
halibut and @mnocanthus. During March the predominant taxa were yellow-
fin sole, Gzynnocantlzus, great sculpin, starry flounder, capelin, big skate,

walleye pollock and rock sole.

The predominant taxa captured during summer in middle Ugak Bay were yellow-
fin sole, Gymnoeanthus, yellow lrish Lord, flathead sole, great sculpin,
halibut and big skate. During March they were yellowfin sole, great scul-
pin, Gymnoeanthus,  capelin, starry flounder, walleye pollock, yellow Irish
Lord and rock sole.

The predominant taxa captured during summer in outer Ugak Bay were Pacific
cod, yellowfin sole, yellow lrish Lord, great scul~in, big skate, rock
sole, halibut, Gymnocanthzis, arrowtooth flounder, butter sole, and starry
flounder. In March they were yellowfin sole, great sculpin, L?{mnocanthus,
rock sole, yellow Irish Lord, halibut, walleye pollock,  starry flounder,
flathead sole and capelin.

There was a trend for fewer species to be captured toward the heads of the
bays. The mean size of several species was related to location in Ugak
Bay and to depth, with greater size at greater depth in all cases.

blest fish species moved to deeper water in winter while only a couple spe-
cies displayed no seasonal movement and no fish species was found to move
to shallower water in winter. Some species apparently moved into the bays

during winter.

The food habits of 239 fish specimens of 14 species (2 cod, 4 sculpins,
and 8 flounders) were examined to some extent from both lower Cook Inlet
(Blackburn 1978) and Kodiak. On the basis of percent occurrence in the two
sampling areas, the predominant prey taxon was caridean shrimp, principally
the pandalid species $’andalus hovealis and ~. goniurus and crangonid  species.
Fishes were the second most important prey taxon, with capelin  and stout
eelblenny the commoner identifiable species.
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INTRODUCTION

General Nature and Scope of Study

This study was intended to document the use of Kodiak Island estuaries by
fish and shellfish. Estuaries are generally known to be important to pro-
duction of fisheries resources, but the existing level of knowledge around
Kodiak is extremely heterogeneous. Some commercial species have been stud-
ied extensively, yet for many species the area has been only superficially
reconnoitered at best.

This study and Outer Continental Shelf Environmental Assessment Program
(OCSEAP) Research Unit (R.U.) 485 (Harris and Hart 1977) are designed to
sample virtually all the habitats within Ugak, Kaiugnak and Alitak bays.
This study, however, is addressed to the demersal  epifauna that are vulner-
able to capture by otter trawl, specifically, fish and crustacean shellfish.

Specific Objectives

A. Determine the spatial and temporal (June-September, March) distri-
bution, relative abundance and inter-relationships of the various
demersal  finfish and shellfish species in the study area.

B. Determine the growth rate and food habits of selected demersal
fish species.

c, Conduct literature survey to obtain and summarize an ordinal level
documentation of commercial catch, stock assessment data, distri-
bution as well as species and age group composition of various
shellfish species in the study area.

D, Obtain basic oceanographic and atomspheric  data to determine any
correlations between these factors and migrations and/or relative
abundance of various demersal fish and shellfish species encount-
ered.

Relevance to Problems of Petroleum Development

The imminent oil exploration in the Kodiak shelf lease area constitutes a
potential for environmental degradation and it is a legal requirement of
the leasing agency, Bureau of Land Management (BLM) to consider this po-
tential as a part of the cost of leasing. This study was funded by BLM as
a part of the program to satisfy their requirements, however, the objec-
tives as stated in the previous section of this report, are oriented
toward resource investigations. This is necessary and appropriate since
many of the biological features of the lease area are poorly known, as
stated in the section on Status of Knowledge, and since the various fea-
tures of the community are inextricably interlined.

The demersal  community is an important segment of the marine community in
the Kodiak lease area. It is highly productive, supports a number of
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valuable fisheries and most of the species of this community have pelagic
stages in their life history which would place them in a wide variety of
habitats at different times during the year, The larval and early juven-
ile stages of many species are found in the near surface and nearshore
zones where, it would seem, oil development impact would be most severe.
Targeting studies upon these probably susceptible stages to the exclusion
of the other life history stages would be inappropriate. Similarly a pre-
mature decision as to which habitats (demersal or pelagic - nearshore)
would be most susceptible to oil development impact would be inappropriate.
The inescapable conclusion is that knowledge of the demersal  community is
very important to the process of locating sensitive areas and sensitive
taxa.

This study broadens the base of knowledge of
two bays, Ugak and Alitak.

Acknowl&dgements

the demersal community in the

Mr. Peter Jackson must be given the credit for planning and implemen
this study. The time between funding and study implementation, litt”
more than one month, attests to the difficulties overcome. I alsow

thank him for the continuing guidance and encouragement. All of the
complishments of this study are to the credit of Peter Jackson.

ing
e
sh to
ac-

The skipper, Adolph Curry, and crew of the F/V BIG VALLEY deserve consid-
erable credit for the successful completion of this study.

I would like to thank Al Carbary, Claudia Mauro, and Dan Wieczorek for
their diligent work during and between cruises.

This study was supported by the Bureau of Land Management through inter-
agency agreement with the National Oceanic and Atmospheric Administration,
under which a multi-year program responding to needs of petroleum develop-
ment of the Alaskan continental shelf is manaaed bv the Outer Continental
Shelf Environmental Assessment

CURRENT

Alaska is unique in the United

Program (OCSEAP) Of;ice.

STATE OF KNOMLEDGE

States in that it remains poorly reconnoi-
tered, ichthyologically. As hlilimovsky (1958) states: ‘(Although there
have been a number of separate lists and descriptive summaries, such as
Evermann and Goldsborough’s ‘Fishes of Alaska’, none of these publications
contain keys to, or sufficient descriptive data with which to identify,
the fish fauna.” Wilimovsky (1958) presented the first key to fishes of
Alaska and has continued his study of Alaskan ichthyofauna.  In 1964 he
presented additional distributional information in the Inshore Fish Fauna
of the Aleutian Archipelago. Other individuals have continued to add to
ichthyological information; McPhail (1965) described a new ronquil from
the Aleutians; Hubbard and Reeder (1965) presented New Locality R,ecords
for Alaskan Fishes; Quast (1968) published new records for 14 species; and
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Peden (1970) described a new cottid (this is not a complete list). The
most recent list of fishes from the United States and Canada published by
the American Fisheries Society (Bailey et al .,1970) does not include a
number of fishes captured in this study. The knowledge of Alaska fishes
is growing and Idilimovsky’s key is becoming out of data. Quast and Hall
(1972) updated the distribution information with a list of Alaska fishes.
However, the distribution knowledge, even now, is illogically discontinu-
ous. For example the following entries from Quast and Hall (1972) (alter-
ed slightly for readability): @zzrh caZZyoclon,  recorded from the Bering
Sea, Aleutian Islands, Kenai Peninsula and southeastern Alaska to Washing-
ton (note: this is a common species in intertidal areas, even in Kodiak,
where it has never been reported); Oecazza z)errucosa, recorded from the
Bering side of Alaskan Peninsula, and southeastern Alaska to California;
Cyvmocantkus ~aZeatus (one of the species captured abundantly in this study
but not reliably separated from G.  pist~liger) recorded from the Sea of
Japan to Arctic Ocean, Bering Sea, Aleutian Islands, Cook Inlet, Kodiak
Island and southeast Alaska.

Intensive commercial fisheries exist in the Kodiak area for king crab, tan-
ner crab, shrimp, Dungeness crab, Pacific halibut, Pacific herring, and
salmon. Knowledge of these fisheries has been accumulating, however, of
those species only halibut and herring are important in this study. Hali-
but have been studied extensively and they are known to collect for spawn-
ing in mid-winter; an important spawning site is offshore of the southern
end of Kodiak Island. The eggs and larvae are pelagic for about 6 months
then assume a benthic existence in shallow water. They grow to about 7 cm
by age 1, 17 cm at age 2, and 30 cm, 40 cm, 49 cm, 57 cm, 64 cm at succes-
sive ages in the Kodiak area, Female halibut grow faster and live longer
than males and most males mature by the time they are 8 years old while the
average a~e of maturity for females is about 12 years. This information
and more 1s contained in the numerous publications of the International
Pacific Halibut Commission.

Information on herring is much more limited and generally does not applyto
the east side of Kodiak Island as the bulk of the herring occur and are
taken in Shelikof Strait.

A comprehensive survey of demersal fish resources in the Kodiak shelf area
was conducted as part of a study by the International Pacific Halibut Com-
mission (IPHC) during 1961-1963 (Hughes 1974). The National Marine Fish-
eries Service (NMFS) conducted extensive surveys around Kodiak during late
spring, summer and into early fall of 1973 through 1975 (Hughes and Alton
1974; Pereyra and Ronholt 1976). The two surveys have been summarized and
compared by Pereyra and Ronholt (1976). The Fisheries Research Board of
Canada (FRBC) conducted otter trawl surveys of the Kodiak Shelf area with
81 samples in Au ust and September 1963 and 15 samples in February 1965

7(Westerheim  1967 .

Comprehensive work on demersal fishes within the bays of Kodiak Island has
not been conducted. The ADF&G has conducted research on commercial spe-
cies and certain information is available, however, demersal  fish distri-
bution and abundance is not known,
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Life historical information on demersal  fish is generally available, how-
ever, little information specific to the Kodiak area is available.

A survey of near shore fish was conducted simultaneously with this study
by Outer Continental Shelf Environmental Assessment Program (OCSEAP)  R.U.
485 by the University of Washington Fisheries Research institute (Harris
and tlartt 1977).

STUDY AREA (Fig 1)

The study area for this project includes all water deeper than 10 fathoms
and inside a line drawn between headlands of Ugak and Alitak bays on
Kodiak Island (Figure 1).

Uqak Bay, located on the east side of Kodiak Island, is about 19 miles
long and gradually narrows from about 4 miles wide at its mouth to the
very narrow extreme eastern end. The shoreline is rocky and precipitous
and rocky outcrops occur throughout the bay. There is no sill at the
mouth of Ugak Bay to influence bottom water conditions within the bay. A

trouqh about 53 fathoms deep extends into Uqak Bay to about Eagle Harbor
where the bottom shoals sharply to about 14 fathoms. West of Saltery Cove
is a basin at the head of Ugak Bay with a maximum depth of 53 fathoms
from which extend two arms each with sills at their mouths of 1% and 9
fathoms and basins 25 fathoms deep.

Alitak Bay, located on the extreme southern end of Kodiak Island is about
27 miles lonq and nearly 8 miles wide at its mouth. It narrows gradually
to its head in headman Bay. Tributary to Alitak Bay about halfway along
its length are Portage Bay’on the east and Olga Bay through Moser Bay on
the west. Olga and Moser bays are not included within the study area. The
terrain varies from rolling tundra near the mouth of the bay to rocky
with precipitous shorelines, reefs and rocky outcrops within the bay.
There is a sill about 25 fathoms deep across the mouth of Alitak Bay where

mud and sandy shell bottom types are found. Depths increase into Portage,
Sulua and Deadman bays. In Portage Bay and Sulua Bay the depths are 30
to 40 fathoms and 25 fathoms, respectively. The bottom is muddy and rocky
and modestly extensive littoral zones occur. From the shoreline in Deadman
Bay the bottom Descends precipitously to 60 to 98 fathom depths and has
rocky ridges that necessitate trawling at one depth, generally along the
axis of the bay.

SOURCES, METHODS AND RATIONALE OF DATA COLLECTION

Data Collection

A systematic sam~ling scheme was chosen as the appropriate method of
station selection. Otter trawl stations were chosen by gridding the
entire study area deeper than 10 fathoms (18m) into one-nautical-mile
squares after eliminating areas know to be untrawlable. This yielded 30
blocks in Uqak Bay and 57 blocks in Alitak Bay. Based upon estimates of
four days work in each bay and about eioht stations per day, all areas in
Uqak Bay and odd numbered areas in Alitak Bay were chosen as sampling
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sta t ions . Trawl sites within these blocks were randomly chosen to be
on trawlable bottom.

Samplinq was conducted with a 400 mesh eastern otter trawl which had a
30m footrope, a 27m headrope and was 26m in total length with a 4m long
cod end. The net was constructed with 4 inch mesh at the mouth and 34

inch mesh in the body and cod end and had a 12 inch mesh cod end liner.
It was equipped with 15 floats 20 cm in diamter on the headro~e, and had
no tickler or rollers. The bridles were 9m long and the doors were 2.lm
(9 ft.) by 1.5m (7 ft.) Astoria Vdesiqn. This net is considered to open
1.5m hiqh by 12.2m wide. The net was pulled with a 3 to 1 scope for 20
minutes at 3 knots2so  that 1 nautical mile (1.85km) was covered and approx-
imately 0.02261 km were covered in each standard haul. When the net was
brought to the surface the cod end was retrieved with a lazy line and the
catch was randomly split. The fuller tub was chosen for sorting. The
percent of the total catch contained in the fuller tub was visually
estimated by each crew member, the estimates were averaged and this
fiqure was used to expand the sorted catch into the estimate of total catch.

Catches were sorted by species as possible and each species was weighed,
counted and directly recorded on the keypunch data form. Unidentified
s~ecies  were preserved for later identification.

Field work was conducted by two employees of ADF&G and one person from the
University of Alaska (OCSEAP Research Unit 5). The two ADF&G crew members
handled the fish catch and the University of Alaska crew member handled
invertebrates. Since the stations were close together and hauls were 20
minutes, time limited the sampling to sortinq,  identifying, counting,
weighing, and occasionally takinq length frequencies and stomach samples.

Data Limitations

“The community of demersal fishes and invertebrates observed durinq faunal
surveys and the relative importance of species or soecies groups within
the community is larqely a function of the sampling tools employed. Trawls,
as most gears employed to sample the marine biota, are selective. Sizes
and even species of fish captured are influenced by mesh size used,
particularly that in the cod end. Even species within the size range
which theoretically would be retained if engulfed in the trawl, may differ
in their ability to escape through the mouth of the net. The selective
features of trawls thus alter the species composition and sizes and quan-
tities of species captured from that which occur in its path. The degree
to which the “apparent” distribution and relative abundance differs from
the actual is unknown. Thus it is important to note that subsequent dis-
cussions of distribution and relative abundance of demersal  species and
communities reflect the results obtained with the sampling gear employed.”
(Alverson  et al. 1964, p. 44-45)

RESULTS (Tab 1,2,3)

A total of 240 otter trawl hauls were completed with satisfactory gear
performance (Table 1). From the fish captured 16 families and 54 species
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were identified, the common and scientific names of which are presented
in Table 2. The catch per unit of effort (CPUE) by taxon, mQnth and bay
is presented in Table 3 and is discussed in detail below.

Relative Abundance (Tab 4,5,6,7,8)

The predominant taxa captured in both bays in order of decreasing abun-
dance were snow crab, kinq crab, yellowfin sole, shrimp, great sculpin,
flathead sole, ,yellow Irish Lord, Pacif~c halibut, starry flounder, Pacific
cod, and walleye pollock (Table 4). (The information on king crab and snow
crab is presented for completeness and courtesy of Feder and Jewett 1977.)

The predominant families of fish captured in both bays in order of de-
creasing abundance were flounders, sculpins, cod, skates, smelt, eelpouts,
snailfish, herring, sandfish and sea poachers (Table 5). The pred~minant
flounders in order of decreasing abundance were yellowfin sole, flathead

sole, Pacific Halibut, starry flounder, rock sole, arrowtooth flounder,

and butter sole (Table 6). The predominant cods were Pacific cod and wall-
eye pollock.  (Table 7). The predominant sculpins in order of decreasing
numbers captured were great sculpin,  yellow Irish Lord, Gyrnzocanthus,
spinyhead sculpin, staghorn  sculpin, and bigmouth sculpin (Table 8).

Spatial Distribution (Tab 9,10)

The catch com~osition  was remarkably similar throughout the study area
with the exception of Deadman Bay, which had smaller catches and a some-
what unique species assemblage (Tables 9 and 10). Deadman Bay is much
deeper than any other area sampled and is partially isolated from the
open ocean by a 40m deep sill at the mouth of Alitak Bay.

There was a trend for fewer species to be present toward the heads of the
bays. The mean number of taxa captured in each area of each bay by season
was as follows:

Inner Middle Outer
Ugak Summer 13.9 16.6 16.6
Ugak March 16.9 18.6 18.1

Alitak Summer 10.1 12.7 13.2
Alitak March 12.3 19.6 16.4

In Ugak Bay the catches were increasingly predominated by fewer species

toward the head of the bay.

Inner Alitak (Table 9)

The catches in Deadman Bay, the inner portion of Alitak, were much smaller
than elsewhere (Tables 8,9). Catches in Deadman Bay in summer were 21 kg/
haul while catches were abQut 80 kg/haul in middle and outer Alitak and 70
to 190 k /haul In Ugak Bay (Tables 8,9).

!
In Mar$h,,ca~ghes averaged 33 kg/

haul in eadman Bay and,’115 to 140 kg/haul in all @her areas (Tables 8,9).
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The fish captured in Deadman Bay consisted of a greater abundance of soft eelpout
shortfin eelpout, wattled eelpout, snailfish,stout eelblenn,y  and l’ongsnout
prickleback than occurred elsewhere. Smooth lumpsucker  and soft eelpout
were both unique to Deadman Bay while buttersole, Gymzocanthus, Pacific
tomcod and Pacific sandfish were frequent elsewhere and never captured
in Deadman Bay. Of the common species in the study area, only flathead
sole, great sculpin and capelin even approached being equally abundant in
Deadman Bay and other parts of Alitak Bay; capelin being more abundant
there in March than in middle and outer Alitak Bay (Table 10).

The predominant taxa captured in Deadman Bay in summer in order of de-
creasing abundance were great Sculpin, eelpouts,  yellowfin sole, snailfish
and flathead sole (Table 10). In March they were starry flounder, great
sculpin,  .yellowfin  sole, and capel in, The catches in March were less
unique in Deadman Bay than durin? summer, due primarily to the decreased
abundance of eelpouts and snailflsh, the increased abundance of starry
flounder and capelin and the trend for some of the species to move deeper
and into Deadman  Bay in winter.

The station furthest toward the head of Deadman Bay had a species assemblage
that was slightly different from that of other Deadman Bay stations.
There were more yel lowfin sole and flathead sole, and fewer eelpouts,
longsnout pricklebacks and sliqhtly fewer snailfish. Thus, this station
and to a lesser extent the station adjacent to it had species assemblages
that displayed similarities to both outer .Alitak and Deadman bays.

Middle and Outer Alitak~ (Table 9)

Middle Alitak Bay (5 stations near and inside of !Iiddle Reef) and outer
Alitak Bay (16 stations outside of Middle Reef) had virtually identical
species composition. The predominant species captured during summer in
these 2 areas in order of decreasing abundance were, yellowfin sole, great
sculpin, walleye pollock and Pacific halibut. In middle Alitak, flathead
sole, big skate and eelpouts also occurred at more than 2 kg/haul while in
outer Alitak starry flounder, flathead sole and rock sole were the remain-
ing species occurring at 2 kg/haul. In March the predominant species in
order of decreasing abundance were yellowfin sole, starry flounder,great
sculpin and juvenile walleye pollock. In middle Alitak in March herring
was the only other species occurring at more than 2 kg/haul while in outer
Alitak halibut was the only additional species with more than 2 kg/haul.

The total catch in these areas in summer was about the same as in middle
Ugak Bay and much less than in outer Ugak Bay. The winter catch in these
areas was considerably qreater than in summer and was greater than in any
other area in winter. The mean number of taxa identified per haul was
considerably greater in winter in these areas, increasing from 1?. 7 taxa
in summer to 19.6 taxa in March in middle Alitak and from 13.2 to 16.4
taxa in winter in outer Alitak.

The increased abundance of yellowfin sole in March in middle and outer
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Alitak accounts for a large portion of the increased catch. starry
and herring also increased significantly in abundance during winter
areas.

Pollock,  herring, searcher, Alaska plaice, and starry flounder were
erably more abundant in these 2 areas than anywhere else and during
whitespotted qreenling were more abundant here than elsewhere.

fl~under
in these

consid-
winter

Within this area there were some small differences in catch composition
among the stations. The predominant species at the outermost or furthest
south station were rock sole, great sculpin, Pacific cod, yellow Irish Lord,
and halibut while yellowfin  sole constituted less than 2% of the catch at
this station (it was sampled only in June, July and August). Fish captured
at this station were also strangely colored, such as halibut that were
orange on the blind side.

Although the catch of king crab was addressed by RU 5 in these studies,
it would be inappropriate to ignore it here, since the catches in the shallow
zone at the mouth of Alitak in March were by far the largest catches made
in the entire study. Several thousand pounds of king crab were captured,
even in short tows. The 90 ft. sampling vessel was noticeably slowed by
the accumulated catch in a 10 minute tow. Sampling was not completed in
this area during March so that harm would not be brought to king crab.
These crab were collected in shallow water as they do annually where egg
hatch, mQltinq and mating occur. All of these activities are especially
vulnerable stages in the life history of this species.

Inner Ugak Bay (Table 10)

The predominant taxa captured during summer in inner Ugak Bay (8 stations)
in order of decreasing abundance were yellowfin  sole, flathead sole, great
sculpin, capelin, yellow Irish Lord, Pacific halibut and Gynnoeanthus.
During March the predominant taxa in order of decreasing abundance were
yellowfin sole, Gynnoeanthus, great sculpin, starry flounder, capelin,  big
skate, walleye pollock and rock sole (Table 10).

The catches in all of Ugak bay were considerably larger in March than in
summer. In every summer month the catches in Ugak Ba,y were smaller in the
inner portion but in March they were slightly larger than in middle or outer
Uqak. The large March catches were 68% yellowfin  sole in inner Ugak while
they were about 30% yellowfin sole in middle and outer Ugak Bay. During
summer the proportion of yellowfin  sole in inner Ugak Bay was not as high
57%, but was still much larger than the 32% and 16% yellowfin sole in middle
and outer Ugak Bay.

Other fish that
mer were starry
and rock sole,

Middle Ugak Ba,y

The predominant

were more abundant in inner Ugak Bay in March than in sum-
flounder, Gyi-rmoeantlzus, big skate, walleye pollock, capelin

(Table 10)

taxa captured during summer in middle Ugak Bay (8 stations)
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in order of decreasing abundance were yel lowfin sole, Gzynnoeanthus,  yellow
Irish Lord, flathead  sole, great sculpin, halibut and big skate. During
March they were yellowfin sole, great sculpin, Gyrmzoeanthus,  capelin, starry
flounder, walleye pollock, yellow Irish Lord and rock sole.

Gqrrtnocanthus was the only species that was more abundant in this area through
out the year than it was anywhere else. Capelin were more abundant in mid-
dle Ugak Bay in March than anywhere else at any time and starry flounder
abundance in Ugak Bay in March was greatest in this area. But starry
flounder were considerably more abundant in Alitak in March than in Ugak

Bay. Most species were more abundant in either the inner or outer area
of Ugak Bay than in the middle area.

Outer Ugak Bay (Table 10)

The predominant taxa captured during summer in outer Ugak Bay (9 stations)
in order of decreasing abundance were Pacific cod, yellowfin sole, yellow
lrish Lord, qreat sculpin, big skate, rock sole, halibut, Gzynnocantkus,
arrowtooth flounder,, butter sole and starry flounder. In March they were
yellowfin sole, great sculpin, c{gmnow-zthus,  rock sole, yellow Irish Lord,
halibut,walleye pollock, starry flounder, flathead sole and capelin.

Although Pacific cod were predominant in this area they were captured in
large number in relatively few hauls. Of 34 hauls made in this area in
summer large adult Pacific cod catches of 50 to 580 kg occurred in only
5. Adult Pacific cod occurred in small numbers in other areas of Ugak Bay
but were virtually absent from Alitak Bay (Tables 9 and 10). Adult Pacific
cod were not captured in March.

Yellow Irish Lord were more abundant in this area than any other. They
were about half as abundant in middle Ugak Bay and in very small numbers
in Alitak Bay. They were present in greatest abundance in June, when the
largest catch, 250 kg/20 minute haul, occurred. Great sculpin were also
more abundant in this area than any other, although they were a significant
~ortion Of the catch in all areas. Big skate and arrowtooth flounder were
more abundant in this area in the summer than in any other area. During
winter smaller sized big skates were present in greatest abundance in inner
Ugak Bay while arrowtooth  flounders were nearly absent in the entire study
area. Rock sole, halibut, and butter sole were more abundant in both summer
and March in this area than in any other. Rock sole seemed to move further
within the bay in winter while halibut and butter sole were less abundant
in all the study area in March (Tables 9,10).

CPUE by Depth and Location (Table 11)

As has been discussed above, the abundance of fish was generally greater
near the mouth of the bay than further within the bay. In order to separ-
ately examine the effects of distance into the bay and depth upon catch
rate, Multiple Linear Regression was employed. However, this test requires
that the independent variables (depth and distance into the bay) be
minimally correlated, a condition which is satisfied only in Ugak Bay.
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The CPUE of total fish and eleven taxa were regressed on depth and distance
into Ugak Bay and a number of significant relationships were found. There
were a greater number of significant ~elationships  with distance into the
bay, indicating the importance of location.

Fish Size by Depth and Location (Table 12)

The mean fish wei?ht increased significantly with increased depth in Ugak
Bay for yellow Irish Lord, yellowfin sole, arrowtooth flounder, Pacific
halibut, Gymnoeanthus, and starry flounder (Table 12).

The mean weight of several species was found to be related to the distance
from the mouth of the bay. Some species were smaller toward the head of
the bay than toward the mouth. This trend was exhibited by Gzyrtnocanthus,
yellowfin sole, and yellow Irish Lord. Species that exhibited the reverse
trend, larger toward the head of the bay than toward the mouth, were flat-
head sole and Pacific cod,

A very large part of the variation in size was correlated with the combin-
ation of sample depth and distance toward the head of the bay for several
species, These species, and the multiple correlation coefficients are:
yellowfin sole, .93; yellow Irish Lord ,.88; Ggmnocanthus, .78; and arrow-
tooth flounder, .70.

Aggregation (Table 13)

The degree of aggregation varied by species and season. Pacific cod were
by far the most highly aggregated species with walleye pollock, arrowtooth
flounder, rock sole and <tarry flounder displaying considerable a!
(coefficient of variation greater than 2.0) during some portion o
In contrast, yellowfin sole were distributed with unusual uniform”
the summer.

Temporal Distribution (Tab 9,10)

gregation
the year.

ty during

The total catches were larger in winter th~n in summer in all areas except
outer Ugak Bay, the mean number of species captured per haul was larger in
winter in all areas and the distribution of total catches was different in
winter in Ugak Bay (Tables 9 and 10). In Ugak the total catches were
smaller further within the bay during summer but in winter the total catch
was fairly uniform throughout with insignificantly higher catches occurring
in inner Ugak Bay (Table 9).

Most of the demersal fish migrated to deeper water during winter. This
change of distribution was indicated by shifts in depth of abundance or
depth of occurrence, and by shifts in size by depth zone (smaller size during
winter at a given depth or within the study area).

Taxa which were smaller in winter and/or smaller in each depth zone in
winter were skates, Pacific cod, Pacific tomcod, shortfin eelpout, searcher,
longsnout prickleback, daubed shanny, Gymnoeanthus,  great sculpin,snailfish,
arrowtooth flounder, rex sole, flathead sole, Pacific halibut, rock sole,
yellowfin sole, starry flounder and Alaska plaice (in Alitak Bay only).
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Taxa which were deeper in March than during summer were starry flounder,
butter sole, arrowtooth flounder, Alaska plaice, whitespotted greenling,
masked greenling, Pacific tomcod, staghorn sculpin, yellow Irish Lord,
~Y~OcanthUS (in Alitak), daubed shanny, wattled eelpout, shortfin eelpout,
searcher and snail fish. Taxa that were sufficiently abundant that changes
in depth distribution by season should have been apparent but that
demonstrated no change were spinyhead sculpin and biamouth sculpin. How-
ever, spinyhead sculpin did increase in abundance at the very head of Ugak
Bay and did move further into Alitak in March,

A number of taxa apparently tended to move out of the bays for winter (or
they assumed a refuge), based on lower catch rates in March. These taxa were
big skate , Pacific cod, arrowtooth flounder, flathead sole, butter sole,
clover sole, stout eelblenny and perhaps Pacific halibut. Some taxa that
left during winter were most common or unique to Deadman Bay. These taxa
were longsnout prickleback, shortfin eelpout, wattled eelpout, soft eel-
pout and snailfish.

A number of taxa descended into the 51 to 82m depth zone of Alitak or into
Deadman Bay during winter, based on higher catch rates. These taxa were
Alaska plaice, butter sole, starry flounder, halibut, pacific cod, pacific
tomcod, Pacific herrincl, ca~elin, searcher, daubed shann.y, staqhorn sculpin,
whitespotted greenling’and  masked greenling.

A number of taxa apparently moved into the bays during winter (based
on higher catch rates) either from shallower depths or from outside the
These taxa were stiirry flounder, yellowfin sole, capelin, herring into
Alitak, sablefish juveniles, sturgeon poacher, staghorn sculpins and
s~inyhead sculpins (walleye pollock also, but see below).

Known or postulated spawning assemblages account for variations in the
abundance of several s~ecies. Capelin collected in the bays in winter
before their spring s~awning  period and eulachon abundance in !larch and
June corresponds with May to June spawning. Starry flounder and stur-

bay.

geon poacher abundances in the bays in March probably were $Pawin9 a99regations”

The catch fluctuations of some species apparently were associated with
distribution features of particular size classes. The black cod captured
in greater abundance in March were juveniles. The large catches of sand-
fish in late summer were almost entirely age O fish that had just grown
to the size they could be captured. Malleye pollock were almost exclusively
juveniles and there was a switch in size classes captured that took place
between August and September in Ugak Bay and between September and March
in Alitak Bay.

Food Habits

The analysis of food habits of fishes in Ugak and Alitak bays was accomplished

by contract to the University of Ilashington Fisheries Research Institute
and is presented in Appendix 1. A few additional observations were made
and are presented by Feder and Jewett (1977), pg. 29.
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Results by Species—

Yellowfin Sole (Tab ll,12,13,Fig 6, App Tab 1, App Ficj 1,2,3,4)—..—

Yellowfin sole were remarkable in their predictability more than any other
feature. In Ugak Bay the summer (June through September) distribution was
not random. It displayed a greater uniformity than random as indicated by
the coefficient of variation, which ranged from 0.58 to 0.78 (Table 13),
Throughout the study area the only region of markedly different abun-
dance was within Deadman Bay where catches were reduced (Appendix Table  1,
Appendix Figures 1,2,3,4). (lutside of Deadman Bay yellowfin sole occurred
in every haul but one in each of Alitak and Ugak bays. The CPUE was not
related to depth or distance into Ugak Bay (Table 11 and Appendix Table 1)
but fish size was strongly related to both factors, with mean fish size
increasing with depth and decreasing with distance int~ Ugak Bay (Table 12).
In Alitak Bay mean fish size also tended to decrease with depth and distance
into the bay but due to the strong correlation between water depth and dis-
tance within Alitak Bay (coefficient of correlation greater than 0.9) the
two factors could not be statistically tested in the same way,

Yellowfin sole were considerably smaller during March than during summer
(Table 14). Size increased with depth during all months but during March
the size at the greatest depth was similar to the size at the shallowest
summer sampling depth. This shift is indicative of a shift to deeper
waters in winter. The length frequencies collected  did not provide an in-
signt into growth (Figure 6).

Flathead Sole (Tab ll,12,Fig 3, App Tab 2, App Fig 5,6,7,8)

The catch of flathead sole was greater in Ugak Bay than in Alitak Bay and
catches were greatest near the mouth of Ugak Bay (Table 11, Appendix Fig-
ures 5,6,7,and 8). The CPUE was not significantly related to depth in
August (Table 11) and appeared to bear no consistent relation to depth in
either bay in any month (Appendix Table 2). The size of flathead sole did
not bear any relation to depth in Ugak Bay in August (Table 12) and never
showed a consistent relationship to depth in Ugak Bay. However, in
Alitak, size of fish increased with each increasing depth interval in every
month but August. The size of flathead sole increased significantly with
increasing distance into Ugak Bay in August (Table 12), however, the raw
data is much less convincing than the calculated statistical significance.
In most months the catches ~ith the largest mean sizes occurred near
mouth of the bay, thus, size of flathead sole appears to be inconsis
and weakly related to distance into the bay,

The CPUE of flathead sole was considerably less in March than during
with September catches in Ugak Bay also considerably lower than earl
The mean size of flathead  sole was also considerably lower in March
bays than during summer.

the
ently

summer,
er.
n both

The August length frequency in 5 mm intervals for flathead sole in Ugak Bay
displays a mode at 150 mm, which could be one to five years c)f age when
compared with the growth data presented by Pereyra et al. (1976) from the
Ber~ng Sea (Ficjure 3).
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(Tab 3,11,12 App Tab 3, App Fig 9,10,11,12)

feature of starr,y flounder catches was the cyclical abun-
dance with greatest catches in winter and least in mid-summer (Table 3).
The March CPUE’S were 10 to 20 times those in July and the frequency of
occurrence was 27% durin~ summer and 93% in March. There was a tendency
in Ugak Bay (p ~05) for starry flounder size to average larger at greater

depth (Table 12) and size was smaller in March in each depth interval,
indicative of a bathymetric shift to greater depths in winter.

Starry flounder were infrequent in Ugak Bay durino ,Iune through August with
no apparent concentration. In September a concentration occurred at the
mouth of the bay and in March the greatest concentration was within the
bay (Appendix Figures 9,10,11,12 and Table 11). This could be construed as
influx to the bay from the continental shelf. During summer the CPUE of
starry flounder tended to be greater shallower with the consequent greatest
densities in the 29 to 50 m zone at the mouth of Alitak Bay (Appendix Figures
11,12 and Appendix Table 3). During March the greatest densities were at
intermediate depths, the 51 to 82 m zone of Alitak Bay and the 51 to 7? m
zone of Ugak Bay (Appendix Table 2).

Pacific H~.libut  (Tab ll,12,14,Fig 5, AppTab 4, .!pp Fig 13,14,15,16)

The catches of halibut displayed relatively weak trends. Catches did not
vary systematically by depth (Table 11 and Appendix Table 4), however? they
were more abundant near the mouths of the bays and virtually absent from
Deadman Bay (Table 11, and Appendix Figures 13,14,15,16).

)Iost halibut captured were small, less than 60 cm (Figure 5) and monthly
mean weights ranged from 0.5 to 1.8 kg per fish (Table 14). There was no
relation between fish size and distance into Ugak Bay (Table 12), however,
the few halibut captured in Deadman Bay averaged smaller than those captured
in the shallower outer i41itak Bay. Average size was significantly greater
deeper in Ugak Bay (Table 12) and, after unusually large fish are removed
from the data, size displayed a seasonal maximum in summer and minimum in
March. The CPUE displayed a very weak seasonality  with greater catches in
summer and smaller catches in March.

Rock Sole (Tab 3,11,14, Fig 7, App Tab 5, App Fig 17, 18, 19,20)

The CPUE of rock sole was greatest near the mouths of both bays in summer
and in March (Appendix Figures 17,18,19,20 and Table 11) and definitely
decreased with increasing depth, and consequently distance into Alitak Bay,
but only very weakly decreased with increasing depth in Ugak Bay (Table 11
and Appendix Table 5).

The seasonal features of rock sole distribution were very different in Alitak
and Ugak bays. In Alitak Bay the CPUE displayed a cyclic seasonal sequence
with greatest catches in June and July and minimum catches in March (Table
3). Frequency of occurrence also was cyclic with lowest frequency in June
and greatest in Auqust. In Ugak Bay the CPUE did not display a clear cyclic
pattern (Table 3), ho\dever, the frequency of occurrence was clearly minimal

in August.
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The mean size of rock sole was least in March and highest in summer although
in the individual months it was highly variable, with large catches of un-
usually large or small fish strongly affecting mean size (Table 14).

Length frequencies did not provide an insight into growth (Figure 7).

Arrowtooth Flounder (Tab 3,11,14 Fig 2, AppTab 6,App Fig 21,22,23,24)

Arrowtooth flounder CPUE was greater near the mouths of the bays (Table 11,
Appendix Figures 21,22,23,24) and unrelated to depth (Table 9 and Appendix
Table 6). The CPUE was seasonally cyclic with a peak in summer and a mini-
mum in !larch (Table 3). Size was cyclic with largest fish in summer and
smallest in March and size increased simply with depth. The size range
captured wasgenerally quite small (Figure 2). Monthly mean weights in
the two bays ranged from 15 to 29 gm$ in winter and 38 to 136 gms in summer
(Table 14).

The August length frequency in 5 mm intervals for arrowtooth flounder dis-
plays moded at 170 mm, 250 mm, 300 mm and 340 mm (Fiqure2 ). These sizes
are strongly suggestive of successive age classes, ages 1 through 4, but
this conclusion could not be reached without more complete data.

Butter Sole (Tab 14, Fig 7, AppTab 7, App Fig 25,26,27,28)

Butter sole CPUE was greater near the mouths of the bays (Appendix Figures
25,26,27,28) and tended to decrease with depth during summer (Appendix Table
7). Butter sole obviously migrated to deeper waters in winter and shallower
inshore waters in summer as shown by the depth distribution (Appendix Table
7) and the areal distribution (Appendix Figures 25,26,27,28). The CPUE
in Ugak Bay displayed a bimodality with greatest values in June and August-
September and lowest in July and March as though the majority of butter sole
had migrated through the Uqak Bay sampling depths and spent the summer
shallower, or in another area.

Mean fish size during summer had a tendency to be greatest at intermediate
depths in Ugak Bay (0.31 to 0.38 kg) and it displayed a distinct seasonal
cycle with maximum size in March (670 gm~) and minimum size in August(205
gm; Table 14). The monthly size in Alitak Bay did not show a simple trend,
but it was based on relatively small catches.

Length frequencies did not provide an insight into growth (Figure 7).

Other Flounders (Fig7)

Cther flounders captured were sand sole, Alaska plaice, rex sole and Dover
sole, Sand sole occurred in one haul in Alitak Bay and in nine hauls in

UgaK B a y ,  e i g h t  o f  w h i c h  w e r e  a t  t h r e e  s t a t i o n s  c l o s e s t  t o  Pasagshak Point,

Length frequencies of sand sole did not provide growth information (Figure
7 \
l).

Alaska plaice occurred in eight hauls in Ugak Bay and in 15 hauls in Alitak
Bay, was most frequent at the mouth of each bay and occurred in decidedly
greater abundance at the shallowest stations. The greatest abundance was
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4.8 kg per haul in the 29 to 50m  depth interval in Alitak Bay in July. In
winter they were distinctly deeper in Alitak Bay.

Rex sole occurred in 12 hauls, primarily in Ugak Bay and Dover sole occurred
in three hauls, all in Ugak Bay.

Great Sculpin (Tab 3,11,12,14,App  Tab 11, App Fig 41,42,43,44)

Great sculpin occurred in similar abundances in both Ugak and Alitak bays
(Table 3) and without consistent depth stratification in Ugak Bay (Table 11)
but with a tendency to be more abundant in the 51 to 82 m depth interval
in Alitak Bay (Appendix Table 11). There was a significant decrease in CPUE
further into Ugak Bay (Table 11 and Appendix Figures 41 and 42) and a trend
for a decrease within Alitak, inseparable from the weak depth stratification
mentioned above (Appendix Figures 43 and 44).

Size of great sculpin  very weakly tended to increase with depth but was
unrelated to distance into Ugak Bay (Table 12). Mean size was smaller in
March than during summer, indicative of a winter migration to deeper water
(Table 14).

Yellow Irish Lord (Tab 3,11,12,14 AppTab 12,APP Fig 45,46,47,48).—

Yellow Irish Lord were considerably more abundant in Ugak Bay than in Alitak
(Table 3). The CPUE increased with depth (significantly during August and
September) and decreased with distance into Ugak Bay (significantly during
June, July and March; Table 11 and Appendix Figures 45 and 46), trends which
would have opposed one another in Alitak Bay, contributing to a relatively
even distribution there (Appendix Figures 47 and 48). The size of fish in-

creased significantly with depth and decreased significantly with distance
into Ugak Bay during August (Table 12).

The seasonal distribution by depth zone (Appendix Table 12) shows that the
shallowest depth zones had minimum abundance in March, indicative of migra-
tion to deeper water for winter. The size by month in Alitak supported this
migration pattern, with largest average weight in June and July and smallest
in ~larch, but the size by month  in I_lgak was confusing; it was cyclic with

greatest value in June and smallest value in August (Tables 3 and 14).

Gynnzomzthus (Tab 11,12,14 App Tab 13,APP Fiq 49,50,51,%’)

The CPUE of Gymnoeanthus was not consistently related to depth in Ugak Bay
but was related to distance into the bay (Table 11 and Appendix Table 1s)
with greatest catches occurring in mid-bay (Appendix Figures 49 and 50) and
near the mouth of Alitak Bay (Appendix Figures 51 and 52). Size of G~mno,~un-
thus during Augpst increased with depth and decreased with distance into
Ugak Bay (Table 13). Size was greatest during mid-summer and least in March,
indicative of winter migration to deeper waters (Table 14). No indication

of seasonal migration is present in the CPUE by depth by month (Appendix
Table 13), which indicated that this species probably was fairly common at
depths both deeper and shallower than those sampled in this study.

Interestingly, the spatial distribution of
that of capelin, one of its important food
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(lther Sculpins (Tab 3)

The primary feature of spinyhead sculpin distribution was a pronounced depth
stratification. The GPUE and frequency of occurrence by depth interval in
Ugak Ba,y for all cruises was;51-72in, 0.’O6”kg, 37%; 73-81 m, 0.20 kg, 72%;
82-91 m, 0.50 kg, 91%; 92-99 m, 0.75 kg, 95%; and 100-104 m, .39 kg, 89%.
The CPUE and frequency of occurrence by depth interval in Alitak Bay for all
cruises was: 29.50m, O(absent); 51-82 m, 0.09 kg, 60%; and 106-174m (Dead-
man Bay), 0.01 kg, 29%. There was no evidence of seasonal migration and
size was unrelated to depth.

The primary feature of bigmouth sculpin dist~ibution also was a pronounced
depth stratification. The ClllE in kg and numbers and the frequency of oc-
currence by depth interval in Ugak Bay for all cruises was: 51-72 m, O
(absent); 73-81 m, 0.08 kg, 0.3 fish, 11%; 82-91 m, 0.08 kg, 0.4 fish, 26%;
92-99m, 0.2 kg, 1.0 fish, 38%; and 100-104m,  0.17 kg, 1.2 fish and 59%.
Only incidental catches were made in Alitak Bay. There was no indication
of seasonal migration and size was unrelated to depth.

The primary feature of staghorn sculpjn distribution was a summer shift
to waters shallower than were sampled in this study (since it is a summer
resident in the intertidal) and a winter shift to deeper water, entering the
samples in September and to a greater extent in March (Table 3). There was
no consistent depth stratification in size or abundance, but during Septem-
ber and March they were less frequent and abundant in about the inner third
of Ugak Bay and progressively more abundant toward the mouth. Only incidental
catches of staghorn ’sculpin occurved in Alitak Bay.

All other sculpins were too infrequent to yield reliable distribution patterns.

blall.eye Pollock (Tab 3,11,12,14 AppTab 8, App Fig 29,30,31,32)

walleye pollqck were m~re abundqnt in Alitak Bay than Ugak Bay during summer
and slightly more abundant in Ugak Bay in March (Table 3). In Alitak Bay
the CPUE was greatest in the 51-82 m depth interval in all months (Appendix
Table 8, Appendix Figures 31 and 32). In Ugak Bay there was no apparent
depth stratification (Table 11 and Appendix Table 8), no relation between
CPUE and distance into the bay or between fish size and depth or distance
into the bay (Table 12, Appendix Figures 29 and 30).

Virtually  all walleye pollock captured were age O or 1 in both bays. During
March they average 13-14 gms in both bays (Table 14), approximately the
size of age 1 pollock (based on projections at the extreme end of length-
weight and age-length figures presented by Pereyra, et al. (1976), and later
confirmed by length-weight data on pollock from Kodiak). In Alitak Bay the
size increased each month from 19 gms in June to 62 gms in September, approx-

imately t h e  s i z e  o f  a g e  1  p~llock. However, In the Deadman Bay area of Ali-
tak a few larger pollock occurred, up to 1.4 kg in mean size in summer and
50 gms in March. In Ugak Bay the smaller total catch and occasional occur-

rence of large pollock resulted in a greater average weight (84 gms in June
decreasing to 39 gms in August and 7 gms in September)$ but in only 2 of 35
catches during  June through August was the average weight greater than would
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be expected o f  age 1  pollock,  and i n  t h e s e  it was  much  g rea te r .  I n
Seotember the ~ollock in Ugak Bay were all under about 10 gms and catches
were small enough that larqe individuals would have affected the weight.
Apparently the pollock cat)tured in September in Ugak Bay were all age O.

Growth of walleye pollock  is indicated by the average weight information
(Table 14). Pollock were approximately 7 gms in Ugak Bay in September,
(acte O), 13 to 14 gms in both bays in !larch, and in Alitak Bay pollock
were 19 gms in June, 37 gms in July, 53 gms in August and 62 gms in Sept-
ember (age 1). These sizes approximately correspond to the indicated ages

of pollock from the Berinq Sea (Pereyra et al. 1976). ln the absence of
length frequency information the above growth rate appears accurate and has
since been independently confirmed with individual weights of age 1 pollock
in January.

Pacific Cod (Tab 3,12,13,14,App  Tab 9, App Fig 33,34,35,36)

The CPUE in kg was much greater in Ugak Bay than in Alitak (Table 3), how-
ever, the CPUE in number of fish was greater in Alitak Bay. All Pacific cod
captured in Alitak were small 0.12 kg vs 2.17 kg in Ugak Bay and small Pacific
cod did not occur in Uqak Bay until September (Table 14). In March Pacific
cod averaged 0.045 kg in both bays, which is approximately the size of age
1 Pacific cod at this time of year, based on Pereyra et al. (1976).

The CPUE was greater in the mouths of the bays than within them (Appendix
Figures 33,34,35,36) and in Ugak Bay it was greatest in the 92 to 99 m depth
interval durinq June and July (Appendix Table 9). In Alitak Bay the CPUE
was greatest in the 29 to 50 m depth interval during summer. Pacific cod
was captured in Deadman Bay (which constituted the 106 to 174 m depth inter-
val) only in March.

Size showed a weak tendency to increase with depth (Table 12) and did signi-
ficantly increase with increased distance into Ugak Bay (Table 12).

The coefficient of variation of Pacific cod catches was generally higher
than ‘for any other fish (Table 13), indicating that catch rates of this
species were subject to the greatest variability of any fish.

Pacific Tomcod (Tab 3,App Tab 10,App Fig 37,38,39 40)

Small catches of Pacific tomcod occurred in both bays throughout the year
(Table 3, A~pendix Figures 37,38,39,40). Catches were greatest in the
shallowest depth intervals during July through September and at intermediate
depths in June and March (Appendix Table 10), constituting strong evidence

of migration to shallower waters in mid-summer and deeper waters in winter.

Skates (Tab 4,5,14)

Two species of skates were captured, big skate and longnose skate, Only
three longnose skate were captured, all in Ugak Bay in September. A total
of 44 big skates were captured, 37 of which were in Ugak Bay. The average
size of this species was so great (Table 14) that although it was vastly
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outnumbered by the majorit,y of other taxa, it ranked tenth in abundance and
fourth among the families in weiqht (Tables 4 and 5).

Due to the infrequent occurrence (13% of the hauls in Uqak and 3% of the
hauls in Alitak), the distributional features are not clear, however, dur-
ing summer they were more frequent and abundant nearer the mouth of the bay
(none were captured at any of the 12 innermost stations) and during March
they were more frequent and abundant toward the head of the bay(4 of 5 oc-
currences and 8 of 9 fish occurred at the 12 innermost stations).

The average size was seasonally cyclic with largest fish captured in mid-
summer and the smallest captured in March and June (Table 14). A movement
of large skates to inshore waters during summer was indicated by the cycle
of average weights.

Capelin (Tab 3314,Fig4,App Tab 14, App Fig 53,54,55,56)

The predominant feature of capelin distribution observed in this study was
a cyclic seasonal abundance with greatest catches within both bays in March
and least catches in July (Table 3, Appendix Figures 53,54,55,56). A
cycle of average sizes also occurred in Ugak Bay with mean weights of 15 gms

in June, 13 gms in July, 11 gms in August, 7 to 9 gms (except for two very
large catches of 13 gm capelin)in  September, and 10 gms in March (Table 14).
In March the average size was smallest (6-9 gins) in the head of the bay,
qreatest at the mouth of the bay (11-17 gins) and intermediate (9 to 10 gins)
in mid-bay were the greatest catches of capelin occurred.

In Alitak Bay the same seasonality of catches occurred but concentrations
were never as great as in Ugak Bay and capelin were much smaller, with aver-
age sizes generally 5 to 8 gins, and the largest average weight in a single
haul was 11 gins.

The’catch of capelin by depth (Appendix Table 14) indicates a strong depth
stratification, with greatest catches deeper, especially during March.

The August length frequency in 5 mm intervals for capelin displays modes
at 97 mm and 112 mm (Figure 4). Comparison with length frequency data from
Cook Inlet (Blackburn 1978) and Kodiak (Harris and Hartt 1977) suggests that
the 97 m m  m o d e  is age 2 capelin since ages  O and  1  a re  about  20  to  35  mm and

60 to 80 mm, respectively. The 112 mm mode, however, reflected in the catches
reported here and those of Harris (1977), does not seem to be large enough
to be age 3. More intensive study, together with age determinations are
necessary to corroborate this hypothetical growth rate.

Eulachon (Tab 3, App Fig 57,58,59,60)

Eulachon were captured only in trace amounts in Alitak Bay but in Ugak Bay
they displayed a cyclic seasonal abundance with greatest catch and frequency
of occurrence in June and least in August and September. Catches in March
were significantly greater than in September but less than in June (Table 3).
There were no areas of concentration identified (Appendix Figures 57,58,59,
60).
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Eelpouts  (ADp Tab 16)

Three species of eelpouts  were captured, soft eelpOUt, shortfin eelPout

and wattled eelpout. The soft eelpout occurred only in Deadman Bay and

both the shortfin and wattled eelpouts were more abundant in Deadman Bay
than anywhere else (Appendix Table 16).

The shortfin eel~out was more frequent and abundant at areater depths in
both bays. In Ugak Bay shortfin eelpouts clearly displayed an inshore move-

ment in summer and an offshore movement in winter. In March they were vir-
tually absent from Ugak Bay; in June they occurred in small numbers, strongly
increasing in CPUE and frequency of occurrence by depth, in July and August
the CPUE was greatest in the 82 to 91 m and 92 to 99m depth zones, respec-

tively, and in September they were almost exclusively below 82 m. In Alitak
Bay, shortfin eelpouts were present in every haul in Deadman Bay (except
during June when eelpouts were not identified to species in this area) but
abundance was greatest in summer. In the 51 to 82 m depth interval of Alitak
both abundance and frequency of occurrence were greatest in summer, but above
50 m they were never frequent or abundant. Apparently shortfin eelpouts mi-
grated out of Alitak Bay in winter, since winter catches, even at the deep
stations, were reduced.

Wattled eelpouts were much smaller and the catches were infrequent in Ugak
Bay. Distribution trends are not clear, but wattled eelpouts were present
at all but the deepest depth interval in June, were in the shallower depths
in July, at generally deeper depths in August and they were absent in Sep-
tember and March. In Alitak Bay, wattled eelpouts were generally more abun-
dant and frequent deeper but the abundance and frequency of occurrence be-
low 50 m decreased from a high in June to a low in March. Apparently wat-
tled eelpouts also migrated out of Alitak Bay in winter.

Snailfish (App Fig 65,66,67,68)— — .

Snailfish were generally not identified to species, except for the smooth
lumpsucker, four of which were captured in Deadman Bay. In Alitak Bay
during summer, snailfish abundance increased with deoth and distance into
the ba.y(two inseparable factors) and snailfish were consistently present
in both the 51-82 m and 106-174 m (Deadman Bay) depth zones (Appendix
Figures 67 and 68). In Deadman Bay during summer they occurred in 100% of
the hauls. During winter in Alitak Bay only five snailfish were captured,
a considerably lower catch rate than summer.

In Ugak Bay in summer snailfish occurred more frequently at the head of
the bay, at the eight innermost stations, and in March the few occurrences
were in the middle to outer bay(Appendix Figures 65 and 66). In no area was
the frequency of occurrence of abundance comparable to that in Deadman Bay
and there was no depth stratification apparent.

Pacific Herring (Tab 3)

Pacific herring displa.yeda cyclic abundance in Alitak Bay with a catch min-
imum in July and maximum in March (Table 3). They were most abundant in the

751



-22-

shallow area between the mouth of Alitak Bay and Deadman Bay, with only two
occurrences in Deadman Bay. They were never abundant (the largest catch
was 19 kg, 30’0 fish, in March) and location of  larger catches was not con-

s i s t e n t  b e t w e e n  c r u i s e s . In Ugak Bay herring occurred only 11 times, 8 of
which were clustered in mid-bay in August.

Pacific Sandfish (Tab 3,14,App Tab 15, App Fig 61,62,63,64)

The only prominent feature in the sandfish catches was the influx of age O
fish in the August catches (Tables 3 and 14, Appendix Table 15, Appendix
Figures 61,62,63,64). These fish were considerably smaller than the mesh
of the net and must have been retained by the catch already within the net,
which is an indication that this species was extremely abundant.

$ea Poachers

The sturgeon poacher was commonly captured, especially in Ugak Bay where it
occurred in 54% of the hauls and averaged five fish per haul. The CPUE in-
creased with depth in Ugak Bay and decreased with depth in Alitak Bay. It
was markedly more abundant in March at all depths in both bays. The winter
increase in abundance was greatest in the shallowest depth zone of Alitak Bay
(at the mouth of the bay), where it increased 36 fold and was greatest in
the deepest depth zone of Ugak Bay, where it increased 10 fold. Sturgeon
poachers were more frequent and abundant toward the mouth of Ugak
Bay in the summer, but in March the greatest abundance was in the middle
portion of Ugak Bay. This species obviously moved out of the sampling area
in summer , but whether it moved shallower or offshore is not clear. In
lower Cook Inlet this species was also much more abundant in winter, but
appeared to move shallower in Summer (Blackburn  1978).

The tubenose poacher and alligator fish were occasionally captured. Both
w e r e  m o r e  f r e q u e n t  in M a r c h  a n d  since t h e  t u b e n o s e  p o a c h e r  is k n o w n  t o  b e

present in the littoral zone in summer, indications were that it wintered
deeper.

Pricklebac.ks (Tab 14)

T h e  s t o u t  eelblenny w a s  q u i t e  s m a l l  ( T a b l e  1 4 )  b u t  o c c u r r e d  i n  5 0 %  o f  t h e

hau l s  and  averaged 3 .4  f i sh  p e r  h a u l  t h r o u g h o u t  t h e  s t u d y .  I n  Alitak Bay
they tended to be larger, more frequent, and more abundant at greater
depths but no similar trends were apparent in Ugak Bay. They were less
frequent and abundant in March in both bays.

The daubed shanny, also quite small (Table 14), occurred in 30% of the
hauls, averaged 2.4 fish per haul and was distinctly more abundant in Ugak
Bay. During summer the CPUE and frequency of occurrence decreased with
depth while mean size increased with depth. During March, daubed shannys
were obviously deeper than in summer since both CPUE and frequency of occur-
rence was greater at all depths with a tendency to be greatest at inter-
mediate depths (51-82 m in Alitak and 82-91 m in Ugak Bay) .  Apparent ly  the

daubed shanny primarily occupies depths less than 50 m during summer since
summer catches decreased with depth and catches were considerably greater in
winter.
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The longsnout  prickleback occurred in 70% of the hauls in Deadman Bay and
averaged 4.4 fish Der haul year round, with slightly greater abundance in
summer. Only incidental numbers were captured elsewhere.

Only incidental numbers of snake prickleback were captured.

Searcher

The searcher displayed a distinct seasonal migration to shallower water in
summer and deep water in winter in both Ugak and Alitak bays. In Alitak
they ~~~ere most abundant and most frequently present above 50 m in summer
and absent in this zone in winter, while below 106 m (in Deadman Bay) they
occurred only durina  June and March. similarly in Ugak B a y  in summer

s e a r c h e r s  w e r e  most f r e q u e n t  a n d  a b u n d a n t  in t h e  s h a l l o w e s t  deqth z o n e  a n d

b o t h  a b u n d a n c e  a n d  f r e q u e n c y  o f  O c c u r r e n c e  s t e a d i l y  d e c r e a s e d  with g r e a t e r

d e p t h , D u r i n g  PIarch in Ugak B a y  s e a r c h e r s  w e r e  p r e s e n t  in a l l  d e p t h  z o n e s ,

b u t  w e r e  r o o s t  freouent a n d  a b u n d a n t  a t  9 2  to 9 9  m .

Other taxa

A number of other species were captured in incidental numbers, including
three commercially exploited species. Sablefish occurred in 5% of the sum-
mer hauls in Uqak Bay and 33°4 of the hauls in March. Rock fish occurred in
7% of the hauls throughout the study and Atka mackerel occurred in less than
1% of the hauls.

DISCUSSION

Comparison of the results of this study with surveys conducted on the conti-
nental shelf and slope in 1961 and 1973-75, which are presented by Pereyra
and Ronholt  (1976) provides some perspective into the uniqueness of the bays.
On the shelf the catches primarily consisted of flounders, cod and sculpins,
as in the bays,but rockfishes were more prominent on the shelf. Rockfish
comprised 13% of the fish catch on the shelf in 1961 and 2% in 1973-75. The
decrease is due to the foreign fishery for Pacific Ocean perch but even at
2%, rockfish are much more important than in the bays. The  catch rates of
rockfish reported in 1973-75 by Pereyra and Ronholt at less than 100 m in the
Kodiak area are similar to those obtained in this study, thus, the rockfish
catch in the bays is comparable to catches at similar depths outside them
(the shelf surveys covered at least 3.1 times as much area in a standard haul
as was covered in the present study so the CPUE figures presented here from
Pereyra and llonholt will all be divided by 3.1 for comparison).

The relative abundances of flounders captured were conspicuously different
between the bays and the shelf area. Yellowfin sole, which constituted 58%
of the flounders and was the predominant fish in the bays, was only
incidentally captured on the shelf, with the largest CPUE in any area-depth
interval being about 1 kg (converted as noted above). Arrowtooth flounder
ranked 6th in abundance among flatfish in the bays but was the predominant
flatfish on the shelf. Rock sole ranked 5th in abundance among flatfish
in the bays but, in the Kodiak area at less than 100 m was far more abundant
than any other flounder, Starry flounder, which ranked 4th in the bays was
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only in incidental numbers on the shelf but its high rank in the bays is
based upon the high winter catches experienced. The shelf studies were not
conducted in winter, only in summer, so the results would be difficult to
compare for this species.

The following species had a greater CPUE in the 0-100 m depth zone in the
Kodiak area than in the bays: arrowtooth flounder, rock sole, halibut, rex
sole, walleye pollock, Pacific cod and marginally so cottids. While yellow-
fin sole and, in June, July and August in Ugak Bay,flathead sole had greater
CPUE’S in the bays than on the shelf at 1 to 100 m, Figures are not
available to compare abundances of other species.

Most of the species are more abundant on the shelf than in the bays and this
is a continuation of the trend for abundance to decrease toward the head
of the bays. In general, there is very little difference between the compo-
sition of the catches in the bays and catches at similar depths outside of
them (except as already noted). There are local abundances in certain areas
which affect the catch composition somewhat, but these features exist within
the bays as well as elsewhere.

The seasonal movement to deeper water in winter as presented here has been
generalized. The timing does not appear to be synchronous for all species
but a finer time distinction has not been possible. The combination of sea-
sonal depth migration and size stratification by depth resulted in changes
in size observed in the study throughout the year. For some species it is
felt that the mean size is a sensitive indicator of seasonal migrations,
larger size indicating shallower residence.

A winter movement into the bays by some species, starry flounder, sturgeon
poacher and perhaps yellowfin sole, has been interpreted from the data, based
upon much larger winter catches and maximum densities in the middle or inner
portion of Ugak Bay. The same features characterized Alitak which with a
very different depth regime, strongly supports the hypothesis that several
species moved into the bays in winter. Movement to deeper water implies,
generally, a movement out of the bays, which many of the species did.o

The movement into the bays seems likely to be associated with spawning for
starry flounder and perhaps sturgeon poacher. Starry flounder spawn in
spring and typically concentrate near rivers or in estuaries and their young

m o v e  i n t o  f r e s h w a t e r ,  e v e n  d u r i n g  t h e i r  f i r s t  y e a r  ( b a s e d  o n  p e r s o n a l

e x p e r i e n c e ) , Yellowfin  sole, though they were in the bays in greater abun-
cance in winter probably were not there for spawning. They spawn later,
during summer in the Bering Sea (Pereyra  et al 1976).

The most unique area in this study was Deadman Bay, which yielded much
lower catches and a somewhat unique species assemblage. These catches are
associated with a much greater depth, and a sill at the mouth of Alitak
which would restrict deep water exchange between this bay and the ocean.

The trend for fish size to increase with increasing depth is of some con-
sequence. This trend seems to be quite universal and implies that the
shallow zones are important nursery areas for all species; juveniles of

some species residing shallower and/or in different locations than other
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species, however. The shallow zone is the most likely zone to be impacted
by oil development and juvenile fish in this zone could be affected.

NEEDS FOR FU2THER STUDY

To more fully understand the demersal fish community in the Kodiak area so
that possible environmental costs of oil exploration may be more fully de-
limited, several areas of research seem most efficacious. The limits of
areal and seasonal coverage should be expanded in several ways. The inshore

surveys should be tied into the existing offshore survey information and
the areal gap between them filled. This would allow a more thorough inte-

gration of knowledge of the entire shelf area. The shallow limit of demer-
sal sampling should be extended upward and the areal coverage of nearshore
work should be expanded to include other bays so that unique features of
different areas may be identified. The extent of seasonal coverage should
be expanded to more fully document migrations and seasonal distribution

changes.

More seasonal work would also facilitate life historical study. Ichthyo-

plankton studies would be very helpful since they integrate the reproduction
of the entire community providing information on time and location of repro-
duction and important life historical information. More extensive study of
food habits would offer several benefits, The most obvious contribution of
food habits work is the functioning of the ecosystem, the description of the

prey spectra, and perhaps a delimitation of important species of  stages.

Food habits work will also provide a look at the marine communities through
the mouths of predators, which involves a very different set of selectivities
than does an otter trawl pulled across the bottom.

At the time of this writing, these research needs are about to be fulfilled
in the coming year’s work, along with a greater emphasis on the nearshore
fishes.
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Table 1. Number of otter trawl hauls completed with
satisfactory gear performance by bay and month.

Ugak Bay Alitak Bay

June 25 28

July 23 27

August 25 22

“September 22 25

March 24 19

Total 119 121

Grand Total 240
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Table 2. List of species captured in Ugak and Alitak bays on Kodiak Island
by otter trawl during June, July, August and September 1976 and
!&rch 1977.

Rajidae
Big !skate
Longnose skate

Clupeidae
Pacific herring

Osmeridae
Capel in
Eulachon

Gadidae
Pacific cod
Pacific tomcod
Walleye po130ck

Zoarcidae
Soft eelpout
Shortfin eelpout
Wattled eelpout

Trichodontidae
Pacific sandfish

Bathymasteridae
Searcher

Stichaeidae
Longsnout prickleback
Daubed shanny
Stout eelblenny
Snake prickleback

Zaproridae
Prowfish

Scorpaenidae
Pacific ocean perch
Dusky rockfish

Anoplopomatidae
Sablefish

Ra~a birweulata
Raja rhina

Clupea harengus pallasi

Mallotus villosus
Thaleiehthys paeifieus

Gadus macrocephalus
Microgadus proximus
Theragra ehalcogramma

Bothroeara mollei
Lyeodes brevipes
Lycodes palea.ris

Triehodon triehodon

Bath.ymaster  s{gnatius

Lumpenella  Zongirostris
Lumpenus maeulatus
Lumpenus medius
Lumpenus sagitta

Zaprora silenus

Sebastes alutus
Sebastes ciliatus

AnopZopoma fimbria

1 ~lay be B. pus{lhun
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Table 2. (contd)

Hexagrammidae
Masked greenling
Whitespot greenling
Atka mackerel

Cottidae
Crested sculpin
Silver spotted sculpin
Spinyhead sculpin
Antlered sculpin

Red Irish Lord
Yellow Irish Lord
Bigmouth sculpin
Thorny sculpin
Staghorn sculpin
Great sculpin
Tadpole sculpin
Ribbed sculpin

Agonidae
Sturgeon poacher
Smooth alligatorfish
Tubesnout poacher

Cyclopteridae
Smooth lumpsucker
Marbled snailfish
Slipskin s~ailfish
S l i m y  snailfish

Pleuronectidae
11-l~o~:f$h  flounder

Flathead sole
Pacific halibut
Butter sole
Rock sole
Yellowfin sole
Dover sole
Starry flounder
Alaska plaice
Sand sole

-30-

Hexagmvmoe octogrmus
Hexagramnos stelleri
Pleurog~ammus monopterygius

BZepsias bilobus
Blepsias eimhosus
Dasycottus settiger
Enophrys dieemus
Gymnocanthus  spp.
Hem-il.epidotus hemilepidotus
Hemilepidotus jordani
Hemit~ipterus  bolini
IceZus spiniger
Leptoeottus armatus
Myoxocephalus  spp.
Psyehrolutes paradoxus
Triglops pingeli

Agonus acipenserinus
Anoplagonus inermis
PaZZasinu barbatia

Aptocye2us ventricosus
Liparis dennyi
Liparis fucensis
Liparis mucosus

Atheresthes  stomias
GZyptoeephaZus .zaehirus
Hippoglossoidks  elassodon
Hippoglossus  stenolepis
Isopsetta isolepis
Lepidopsetta bilineata
Limanda aspera
Microstomus paeificus
Phrtichthys stellatus
Plewonectes  quadrituberculatus
Psettichthys melanostietus
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Table 3 . Otter trawl catch in kilograms per 20 minute haul in Ugak and Alitak Bays on Kodiak
Island by month, June through September 1976 and March 1977, and by taxon.

Taxa

Big skate
Longnose skate
Pacific herring
Capel in
Eulachon
Pacific cod
Pacific tomcod
Walleye pollock
Soft eelpout
Shortfin eelpout
Wattled eelpout
Pacific sandfish
Searcher

4 Longsnout prickleback
? Daubed shanny

Stout eelblenny
Snake prickleback
Prowfish
Sebastes Spp
Sablefish
Masked greenling
WhiteSpot greenling
Atka mackerel
Crested sculpin
Silverspotted sculpin
Spinyhead sculpin
Antlered s.culpin
Gyrri-noeanthus  Spp

Red Irish Lord
Yellow Irish Lord
Bigmouth sculpin
Thorny sculpin
Staghorr] sculpin

UGAK BAY
June July A u g . X&_&

.5

T
1.4
.8

16.8
.1
.2

.;
T
T
T
T
T

T

.1

6.6

33.0
T

T

1.9

T
T

30.5
.3
.6

.8
T

.1
T

T
T
T

.2
T

T

.6
T

8.3

11.:
.2
T
T

10.8

.6
2.0

T
.3
.2
.1

.4
T
.6
T
T
T
T
T

T
.1

.3

6.8

2.4
.1

7.9
.2
T

3.9
T
.7
T

.1

.3

.4
T
T
T
T
T

T

;

.5

3.4

2.5
T

2.1

6.;
1. .
T
.1

~.~

T

T
T
T
T
T

.:
T
T
T
T

.4

12.1

4.3
.1

.5 1.5

AIITAK BAY
June July Aug. -

.3

.4
T
T
T

3.9

.3

.4
T
T

T

T

T

T

T

.3

.4

T
T
T

1.8
T

14.6
T

1.9
.4
.2
T
.1
T
T
T

T

.1

T

.9

1.7
T

.4

.2
T
.4
.3

4.0
T
.5
.2
.2
T
T
T
T
T

T

;

T

.1

.5
T

ZPL

6s7

.7

.5
T
.1
T

8.4
T

1.1
.3
.5
.1
T
T
T

T
T

T

T
T
T

T

.6
T

T

Mar.

1.6
.9
.1
.2

3::
T
T

.1
T
T
T
T
T

.;

.8

.1

.2

.3

;



Table 3. (cont. )

Taxa

Great sculpin
Tadpole sculpin
Ribbed sculpin
Seulpin spp
Sturgeon poacher
Tubenose poacher
Smooth & Aleutian

Alligatorfish
Smooth lumpsucker
Snailfish s p p

A r r o w t o o t h  f l o u n d e r

R e x  s o l e

4 F l a t h e a d  s o l e
m
w P a c i f i c  h a l i b u t

B u t t e r  s o l e

R o c k  s o l e

Yellowfin s o l e

Dover sole
Starry flounder
Alaska plaice
Sand sole
F l o u n d e r  s p p

UGAK BAY ALITAK MY
June

11.2

T

T
1.1

T
22.5

::;
2.6

26.7

.4

.3

.2

July

14.8

T
T

T
2.8

17.;
3.!?

7::
42.7

.;

1::

Aug.

8.6

T

.1
T

T

5:;
T

12.9
5.0
1.7

3;:;
T

.7
T

1.4

SQL
11.!3

T

.2

T
1.7

3.1
7.8

Mar. June

18.1 12.2

T
.3

1.1 T
T

T

.3 0.3
T T
T

2,3
;:: 7.5

1::
22.2 53.2 18.4

T
4.5 5.6

T
2.9

.4
.5 .7

1.1

Ju ly

16.8

T

T
T

T

1.0
.1

4.:
!2. 3

.2
2.8

25.7

1.2
1.6

Aug.

9.2

T

T

1.:
.1

2.9
3.9

.;
19.9

1.9
.3

13.3
T

T
T

T
1.3
.2
T

3.4
3.9

T

21$

5.0
T
T

Mar.

15.1

T

T
T

T
T
T
T

.9
1.5

.;
52.6

21.9
.2

(L
N

1

T= Trace, < 0.1 Kg
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Table 4. Ilelative abundance and rank of major component taxa from otter
trawl catches in Ugak and Alitak bays on Kodiak Island during
June, July, August and September 1976 and March 1977. The weight
percent of total and rank are based upon the total kg capturedin
standardized hauls in all months. The data on king crab and snow
crab is presented courtesy of Feder and Jewett (1977).

Ugak B a y Alitak Baya Overall
Wt% of Wt% of Wt% of

Taxon Rank total Rank total Rank total

Snow crab 3 15.8 1 25.7 1 20,7

King crab 2 16,5 2 21.9 2 19.2

Yellowfin sole 1 18.8 4 14.3 3 16.6

Shrimo 4 7.5 3 14,6 4 11.0

Great sculpin 5 6.6 5 7.1 5 6.9

Flathead sole 6 6.1 9 1.3 6 3.8

Yellow Irish Lord 7 5.6 14 0.4 7 3.0

Pacific halibut 10 2.7 8 3.0 8 2.8

Pacific cod 8 4.9 17 0.3 9 2.6

Walle,ye pollock 17 0.6 6 3.8 10 2.2

Starry flounder 15 1.2 7 3.1 11 2.1

Ggmocantkus 9 3.8 20 0.2 12 2.0

Big skate 11 2.4 10 0.7 13 1.6

Rock sole 12 2,3 11 0.7 14 1.5

Capel in 13 1.4 18 0.2 15 0.8

Arrowtooth flounder 14 1.2 24 <0.1 16 0.6

aSeveral taxa were more abundant In one bay than some of those in this
table. In Ugak Bay buttersole ranked 16th and constituted 0.7% of the
catch. In Alitiak Bay these taxa, their rank and percent of total
catch were: shortfin eelpout, 12, 0.5%; snailfish spp.,13, 0,4%; Alaska
plaice, 15, 0.3%; Pacific herring, 16, 0.3%; wattled eelpout, 19, 0.2%;
Pacific sandfish, 21, 0.1%; whitespotted greenling,  22, <0.1%; and
Pacific tomcod, 23, <0.1%.
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TABLE 5. Relative abundance and rank of fish by family captured in otter
trawl hauls in Ugak and Alitak bays on Kodiak Island during June, July,
August and September 1976 and March 1977. The weight percent of total
fish catch and rank are based upon the total kg catpured in standardized
hauls in all months.

Ugak Bay Alitak Bay Overal 1
Wtil of Wt% of Wt% of

Family _ Rank fish Rank fish Rank fish

Flounders 1 55.4 1 61.0 1 57.5
Sculpins 2 27.5 2 20.7 2 24.9
Cod 3 9.3 3 11.0 3
Skates 4 4.0 5 2.0 4 ::;
Smelt 5 2.6 8 0.6
Eelpouts 6 0.3 4 2.(I 2 ::;
Snailfish(~ 10 0.1 6 1.2 0.5
Herring 9 0.1 7 0.8 ; 0,4
Sandfish 8 0.2 10 0.3 9 0.2
Sea Poachers 7 0.3 15 <0.1 10 0.2
Greenling 15 4.1 9 0.3 11 0.1
Sablefish 11 0.1 1 4  <0.1 12 4.1
Pricklebacks 12 < 0 . 1 12 <0.1 13 < 0 . 1
Ronquils 13 4.1 11 0.1 14 <0.1
Rockfish 14 <0.1 13 < 0 . 1 15 <0.1
Prowfish 16 <0.1 16 <0.1

aFamily Cyclopteridae

TABLE 6. Relative abundance and rank of flounders from otter trawl catches
in Ugak and Alitak bays on Kodiak Island during June, July, August and
September 1976 and March 1977. The figures are based upon the total kg
captured in standardized hauls in all months. Flounder spp accounted
f o r  0 . 3 %  o f  t h e  c a t c h .

Ugak Bay Alitak Bay Overall
Wt% of Wt% of Wt% of

Species Rank fami 1 y Rank family Rank fillilily

Yellowfin sole
Flathead sole
Pacific halibut
Starry flounder
Rock sole
Arrowtooth flounder
Butter sole
Alaska plaice
Sand sole
Rex sole
Dover sole

1 56.4
2 18.2
3 8.1

3.5
! 6.7
5 3.5
7
9 :::
8 1.1
11 @.1
10 4.1

1
4

;
5
7
8
6
9

10

61.7
6.6

12.9
13.4
3.0
0.2
0.2
1.3

<().1
4.1

58.8
13.6
10.0
7.5
5.2
2.2
1.3
0.7
0.7
a.1
@.1
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Table 7. Relative abundance and rank of cod from otter trawl catches in
Ugak and Alitak bays on Kodiak Island during June, July, August and
September 1976 and March 1977. The figures are based upon the total kg
c a p t u r e d  i n  s t a n d a r d i z e d  h a u l s  i n  a l l  m o n t h s .

Ugak Bay Alitak Bay Overal 1
Wt% of Wt% of Wt% of

Species Rank family Rank family Rank family

Pacific cod 1 88.2 2 1 54.1
Walleye pollock 2 10.3 1 9!:: 2 44.4
Pacif\c tomcod 3 1.5 3 1.6 3 1.5

TABLE 8. Relative abundance and rank of sculpins  from otter trawl catches
in Ugak and Alitak bays on Kodiak Island during June, July, August and
September 1976 and March 1977. The figures are based upon the total kg
captured in standardized hauls in all months. Unidentified sculpins
consisted of 0.2% of the catch.

Ugak Bay Alitak Bay Overal 1
Wt% of Wt% of Wt% of

Species Rank family Rank family Rank family.-

Great sculpin
Yellow Irish Lord
Gymnoeanthus
Spinyhead sculpin
Staghorn sculpin
Bigmouth sculpin
Ribbed sculpin
Red Irish Lord
Crested sculpin
Antlered sculpin
Thorny sculpin
Silverspotted sculpin
Tad~>ole sculpin

1 39.9
2 33.9
3 23.2
5 1.2
4 1.3
6 0.3
8 4.1
7 4).1

1 1  <0.1
9 <0.1

10 <0.1

1 91.8
2 5.0
3 2.2
4 0.3
5
6 <;:;
7 <0.1

8 <0.1

9 4.1
10 <0.1
1 1  <0.1

1 56.3
2 24.8
3 16.6
4 (-).9
5 0.9
6 0.3
7 4.1
8 4.1
9 <0.1

1 0  4.1
1 1  <0.1
1 2  4.1
1 3  <0.1
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Table 9. Catch per 20 minute otter trawl haul and standard error by subarea of Alitak Bay and by season
for the predominant taxa. Taxa are listed in order of abundance in the total catches from the
entire study.

Summer March

Taxon Inner Middle Outer I n n e r Middle Outerl

Yellowfin sole
Great sculpin
Flathead sole
Yellow Irish Lord
Pacific halibut
Pacific cod
Walleye pollock
Starry flounder
Gymnoeankhus
Big skate
Rock sole

2 Capelin
m Arrowtooth flounder

Eelpout spp.
Butter sole
Snail fish
Alaska plaice
Sand sole
Pacific herring
Spinyhead sculpin
Pacific sandfish
Staghorn sculpin
Sturgeon poacher
Pacific tomcod
Eulachon

Total Fish

Number of Hauls

3.OltO.86
8.68*2.48
1.38+0.22
o.07~o.04
o.04~o.03

Q
o.33fo.15
0.48f0.28

o
0

O.olfo.ol
0.64t0.31

o
3.88t0.70

o
2.77t0.54

o
0

O.olto.ol
O.Olt T

:
T fT

o
O.olio.ol

21.56*3.39

27

22.99* 4.04
17.62+ 2.69
4.22A 0.66
o.37t 0.12
9.001 2.58
O.olt 0.01

12.92t 7.06
l.oof 0.47

0
4.28k 2.91
0.60t 0.41
0.79* 0.66
o.03f 0.02
2.28t 0.63

0
0.81~ 0.48

0

0.74: 0.47
0.07* 0.04
0.39t 0.26

0
0
0

o.03t 0.01

78.37k13.98

14

30.3822.91
13.9311.83
3.81f0.40
1.24~0.64
8.45~1.45
1.00~0.72

10.01~4.48
4.14fl.07
o.59fo.31
1.75&l.27
2.3011.17
o.03to.ol
0.18f0.04
0.43*0.09
0.18*0.07
0.19*0.09
1.05*0.49
0.0230.02
0.42f0.13
0.02*0.01
0.26*0.06
O.olfo.ol
T ~T
O.15*O.1O
0.02*0.01

81.41?7.18

61

4.95?1.69
11.57t6.62
0.64t0.15

o
0.54f0.21
o.19to.17
0.6710.32

11.84*3.68
o
0
0

2.33f0.74
T IT

0.2510.08
0

0.0210.02

:
o.03to.03
0.0110.01

;
o
0
0

33.69*6.76

7

94.88?12.20
15.49f  4.89
1.77t  0.56
o.45t 0.11
1.38t 1.11
0.09* 0.05
4.98*  1.06

13.oot  5.14
0.29f  0.17

0
o.05k 0.05
0.081 0.04
0.05* 0.03
O.lof 0.07
0.061 0.05
0.011 0,01
o,66t  0.55

0
4.60f 3.64
0.32~  0.12
0.041 0.02
o.05f 0.05
0.09t 0.06
0.33t 0.32
o.21t 0.11

140.94t16.14

5

69.98t20.92
18.35* 7.07
0.46t 0.12
0.39t 0.16
2.44~ 2.10
0.28t 0.18
3.82* 1.36

38.38?14.15
0.21f 0.16

0
0.69* 0.44 ~
o.05fo.c13 ~
O.oli 0.01
0.28t 0.20
0.08t 0.04

0
0.06f 0.06

0
1.03f 0.39
0.07+  0.04
o.02f 0.02
o.03t  0.03
o.15f  0.09
0.52k  0.32
0.13f 0.08

139.29f40.74

7

T = < 0.01 kg per haul

lSampling of outer Alitak was considerably abbreviated in March due to unusually high densities of
breeding King crab.



Table 10. Catch per 20 minute otter trawl haul and standard error by subarea of Ugak Bay and by season for
the predominant taxa. Taxa are listed in order of abundance in the total catches from the entire
study.

Summer March
.—.—. —

Taxon I rifler Middle Outer Inner Middle .— . —

YellOwfin  sole
Great sculpin
Flathead sole
Yellow Irish Lord
Pacific halibut
Pacific cod
Idalleye oollock
Starry flounder
G~mnocanthus
Blg skate
‘Rock sole

G! CaDelin
u Arrowtooth flounder

Eel~out spp.
13utter sole
Snailfish
Alaska plaice
Sand sole
Pacific herrinq
Spinyhead sculDin
Pacific sandfish
Staghorn sculpin
Sturgeon poacher
Pacific tomcod
Eulachon

Total Fish

Number of Hauls

40.21t  6.16
6.57t 1.62
7.73? 1.35
2.61*  0,6!3
2.26f  0.70
0.81+ !).48
o.09f  0.03
o.79t  0.35
2.06t 0.48

0
0.79t  0.24
3.77f 2.00
1.45t  0.50
0.54+ 0.18
o.2of  0.07
fl.14~ 0.06

0
0
0

fl.08f 0.03
0.26f  0.09
o.03f  0.03
0.02f T
().~3f  (),()2
o.19f  0.07

71.02f10.16

29

27.63?2.95 30.53t 3.72
5.30f0.82 21.70t 2.92
8.79?1.28 25.20~ 4,73
10.34~2,14 23.22~ 7.70
4.75?0.85 10.09+ 1.96
1.94to.75 31.03f17.97
0.08f0.02 0.54t 0.25
0.31f0.16 2.98* 1.38
lo.5ofl.44 6.04t 1.42
2.86t2.20 12.04* 5.16
1.27i0.23 10.17+ 2.20
1.94to.85 o.12f 0.05
1.92to.53 4.88* 0.98
0.22f0.04 0.52~ 0.14
1.26*0.97 3.13f 1.14
TtT 0.06~ 0.04

O.olfr).ol 0.55* 0.34
0.70f0.61 1.38f  0.65
0.23f0.15 o.22f 0.20
f).26N).05 o.79f 0.22
0.28f0.10 o.33f 0.10
0.15A0.06 0.24f 0.11
0.08+9.03 0.23f 0.08
0.0910.03 0.36~  0.17
0.3710.14 0.16f 0.05

81.46f8.17 187.56~25.67

32 34

89.01t41.38
6.63t 2.63
0.86”5 0.31
0.14+ 0.07
1.47~ 0.76
O.olf 0.01
3.90* 0.84
6.32t 1.95
8.362 1.97
5.201 2.60
2.16t 0.96
5.55* 1.98
T~T
T~T

o
0
0
0

T~T
o.33t 0.03
o.02t 0.01
0.08t 0.06
o.39f 0.19
O.olf 0.01
o.04f 0.02

130.72*43.49

8

38.10f3.24
21.63t4.06
1.6110.49
4.38fl.02
1.43to.74
0.033”0.03
4.55f2.03
7.07f2.06

17.86t3.71
o.53fo.53
3.16*1.00
12.13tl.90
0.02{.0.01
T ~T
o.34fo.34
T ~T

o
0.2810.28

0
0.26f0.08
0.18f0.05
1.13to.40
2.10tO.60
o,llfo.04
o,llfo.03

117.59f7.48

8

Outer

32.38?4.31
26.08?5.77
3.44*0.88
8.53~2.79
5.58$-2.63
o.04fo.03
5.26+2.38
3.49+1.24
9.94~2.61
o.68~o.68
8.75*2.25 &
2.62~1.56 ~
O.olfo.ol

o
o.5ofo.30
0.96~0.65
0.20f0.15
1.87fl.26

o
0.69~0.21
O.olfo.ol
3.38~0.60
0.92~0.37
o.34fo.14
0.17f0.06

116.76~11.30

8

T = < 0.01 kg per haul



Table 11. Correlation coefficients between CPUE of fish, sample depth and distance into Ugak Bayl.

TAXON DEPTH DISTANCE INTO UGAK BAY

June July Aug Sept Mar June July Aug Sept Mar

Total fish
Yellowfin sole
Flathead sole
Starry flounder
Pacific halibut
Rock sole
Arrowtooth flounder
Walleye pollock
Pacific cod
Yellow Irish Lord
Great sculpin

--l G9nmocanthusm

+.19
-.23
+.25

+.01
- .01
-.39**
+.14
i-.32
+.25
-.05
-.23

+.13
+.01
+.(x?

-.26
-.20
+.15
-.39**
+.19
+.26
-.16
+.29

_.22*

-.19
- . 10

-.17
-, 32*
-.08
+.07

+. 74***
-. 32**
-.04

-.06
+.09
+.03
-.48*
-.03
-.06
+.25
+.09

+.51*
+.16
+.40

- ● 44*
-. 56*
- ●  14*
-.26
-.04
-,17*
+.30
+.17

+.32
+.36
-.09

_ . 67***
-.30
-,57**

-. 58***
-, 55***
-.35**
-.26
-,38
-*51*
-. 53**
-.36*

-*45*
+.24
-.35

-.15
-. 54***
-*49*
-. 38**
-.28
_063***
_.45*
-.34

-.51***
-.02
-. 62***

-. 38*
-. 30*
_.51**
+.04

-.27
.-*51***
-*51**

-.37
+.39
-.28
-.31
-*47*
-.46*
-.24
+ . 68***

-.05
- ● 45*
+.25

+.17
+.41
-. 52***
+.38
-.27
-, 49***
-.13
-.05

-. 56*
-. 52* L
-.17 y

03

* significant relat ionship;  p<.05
** significant relationship, p<.01

*** significant relationship, p<.005

1 Distance measured from a line across the mouth of the bay to the center of each station.
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Table 12. Correlation coefficients between
depth and distance into Ugak Bayl during

l i n e a r  r e g r e s s i o n .

mean fish size (kg/fish), sample
summer2 as determined by multiple

CORRELATION COEFFICIENTS
TAXON

SINGLE FACTOF!

Depth Distance into !Iultiple
Bay Correlation

Yellowfin sole . 770*** .,679*** . 927***
Flathead sole -.174 . 586*** . 587**
Starry flounder ,427* -.072 .430
Pacific halibut .497* .073 .521
Rock sole .197 -.406 .454
Arrowtooth flounder .691*** .149 . 702***
Butter sole .029 .007 ,039
Walleye pollock .143 .233 .270
Pacific cod .182 . 558*** . 561***
Great sculpin .287 -.042 .288
Yellow Irish Lord . 837*** -.456* . 878***
@mnocarzthus . 432* -.723*** . 784***

* significant relationship, P<.05
** significant relationship, DZ.01
*** significant relationship, PC.005

] Distance measured from a line across the mouth of the bay to the center
o f  e a c h  s t a t i o n .

2 Regressions were computed on data from all summer months for starry flounder,
butter sole and Pacific cod; on data from July and August for walleye pollock
and on data from August for all other taxa.

Table 13. Coefficient of variation’ of CPUE of several predominant taxa,
by month from Ugak Bay.

Taxon June July Aug Sept March

Total fish .96 1.02 .67 .81 .59
Yellowfin  sole .72 .77 .58 .78 1.32
Flathead  sole 1.25 1.48 .76 .91 1.01
Starry flounder 2.54 2.93 2.74 2.14 .90
Pacific Halibut 1.24 1.46 1.06 1.52 1.72
Rocksole 1.39 1.89 2.34 1.64 1.08
Arrowtooth flounder 2.75 1.51 1.05 .86 2.05
Walleye pollock 3.04 2.83 1.59 1.26 1.11
Pacific cod 2.51 3.90 5.002 2.35 2.46
Yellow Irish Lord 1.51 .99 .96 .79 1.34
Great Sculpin 1.10 1.12 1.28 1.26 .80
G~mnoeantkus spp. 1.35 1.15 .98 1.18 .73

1 Coefficient of variation = standard deviation : mean.
2 Only one catch.
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Table 14. Mean size of fish in grams (or kg when decimal is present, i.e. skates) from otter trawl catches
i n  U g a k  a n d  A l i t a k  Bays o n  K o d i a k  I s l a n d  b y  m o n t h , J u n e  t h r o u g h  S e p t e m b e r  1 9 7 6  a n d  M a r c h  1 9 7 7 ,  a n d  b y  t a x o n .

UGAK BAY AIITAK BAY
Taxa fine “~ AllQ._ Mar. JuneX&—. July & Z?& &

Big skate
Longnose skate
Pacific herring
Capelin
Eulachon
Pacific cod
Pacific tomcod
Walleye pollock
Soft eelpout
Shortfin eelpout
Wattled eelpout

-4
u Pacific sandfish
o Searcher

Longsnout prickleback
Daubed shanny
Stout eelblenny
Snake prickleback
Prowfish
Sebastes spp
Sablefish
Masked greenling
Whitespot greenling
Atka macherel
Crested sculpin
Silverspotted sculpin
Spinyhead sculpin
Antlered sculpin
Q.jnmocanthus spp
R e d  I r i s h  L o r d
Yellow Irish Lord

6.66

35
15
65

2252
98
84

;;
77
30
20

4
6

160

42

;83

225

14.82

13
56

2348
52
46

36
38

132
.34

5

3;

468
180

170

57

23:
680
211

20.72

77
11
40

6580
130

40

33
145

10
103

20
6
6

44

4:

48

246

149

19.30
1.83

90
13
69

1023
97
7

28

10
51
15
9
7

31

17
90
10

’74

234

179

5.13

10
10
48
47
25
13

17

26
11

:
4

10
154
60
23

213
65

61

;51

191

54
6

63
192

69
19

35
277

56
27

272

;0

60

40

1;6

110

48

2:
131

58
37

8
46

237
67
56
34

8

2?

99

328

31

173

150

84
9

45
137
121

53
10
29

335
39
70
30

8
6

50

i5

;0
400

62

141

86

23.79

’88
9

40
143

63
62

9
25

272

;;
24

9
7

180
47

’34

60
10
30

’20

60

63
7

87
44
16
14
12
15

317

;:
14
8
7

130
77

120

;2

;3

$9



Table ILt. (cont. )

UGAK BAY AL I TAK BAY
Taxa June ~

352
25
40

798

42
60

&

128

760
- 30

49
10

5

ZQ.L . . , . . Aug._ SseL_
570

;92
852

3

27
10

June *

160

926

21

10
10
10

289
45
35

17:;
115
92

240

1~81
2043

Bigmouth sculpin
Thorny sculpin
Staghorn sculpin
Great sculpin
Tadpole sculpin
Ribbed sculpin
Sculpin  spp
Sturgeon poacher
Tubenose poacher
Smooth & Aleutian

Alligatorfish
+-.J Smooth lumpsucker
F Snailfish spp

Arrowtooth  flounder
Rex sole
Flathead sole
Pacific halibut
Butter sole
Rock sole
Yellowfin  sole
Dover sole
Starry flounder
Alaska plaice
Sand sole
Flounder spp

153

i75
742

30

449
789

10

113

175

;78
621

23

61
7
5

190

1:;
525

’26

34
8

10
-L.

880 1
50
29

5%!
82

1:

1302
622

691 885

18
153
4367 32

1330
251

57

82
1427

1;;
232

li85
828

680
367

61

;:
1029

160
166
214

1606
880
325

177 131
136
120
82

1092
291
315
294
310

1515
1346
525

;41
76

i:
1085
205
276
249

10
1325
360
683

i 30
98

48
1055

218
455
241

40
1263

584

1938
14

137
39

64
1513
142
116
193

1452
834

43

38
65
49

1030
312
226
283

1218
1115

624

2:
1077

670
209
111

985
877
718

T = Trace 4.1 kg
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Figure 2. Length frequency distributions of arrowtooth  flounder from
samples of ottertrawl catches in Uqak and Alitak bays during July
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Data nresented in 5 cm and/or 5 mm intervals as indicated. -
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Figure 5. Length frequency distributions of Pacific halibut

from samples of otter trawl catches in Ugak and Alitak bays
during July 1976.
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Apnendix Table 1. Otter trawl catch per unit effort and standard error of yel 1 owfin
sole by depth interval and month in Ugak and Al itak bays on Kodiak Island,
June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 25. Ot 7.0 41.7 flo.o 46.7 tll.6 21.9*  6.5 196.6 i165.3
73 - 81 44.5i 16.5 34.7* 9.8 26.5~ 9.6 14.6t 0.7 68.0* 18.7
82 - 91 21.4*  3.8 76.4121.6 47.4i 9.6 26.5i 10.2 30.0+ 4 . 0
92 - 99 24.9i 4.8 go6+ 1.6 30.1+ 7.3 23.3 flO. O 28. Ot 4 . 3

100 - 104 13.6+ 1.3 48.2i 3.5 27.3k 3.2 19.5A  4.1 34.9+ 4 . 0

Alitak Bay

29 - 50 35.4* 7.6 41.5i 7.5 32.2? 7.6 28.9*  9.0 24.5t  15.0
51 - 82 13.2i  4.4 24.6-J 3.8 23,8t 12.2 33.8? 5.9 91.5t 13.0

106 - 174 2.3* 0.9 4.2+ 3.1 ocg~ 0.7 409f  1.5 4.9t 1 . 7

Appendix  Table 2. Otter trawl catch per unit effort and standard error of flathead
sole bv deDth interval and month in Uqak and Alitak bays on Kodiak Island,
June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 6.4~ 3.3 13.2+ 3.7 15.115.0 1.8~o.4 1.9+1.0
73 - 81 19.4+ 8.1 11.1+ 3.0 11.0+ 3.9 o.9to.4 l.gfl). g
82 - 91 24.3311.5 40.lf14,5 14.6f4.2 5.4*1.1 3.1*1.5
92 - 99 42.2*14.9 7.8*  3.3 g.sfs.l 3.4~2.l 2.3~0.7

100 - 104 5.1* fJ.3 13.6f  1.2 11.9t4.9 1.8~0.7 l.ofo.z

Alitak Bay

29 - 50 2.5+ 0.7 6.3*  1.1 4.1*1.2 3<lflml o.z~().z
51 - 82 2.3t 0.4 3.7+ ().U 3.5~1.6 5.2~1.l 1.1+().3

106 - 174 1.7* 0.5 2.2*  0.6 0.7+0.2 0.9f0.2 ~.6Q.l

4~pendix Table 3. Otter trawl catch per unit effort and standard error of starry
flounder by depth interval and month in Ugak and Alitak bays on Kodiak
Island, June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 0.0 0.9+0.6 o.9to.9 16.0f14.3 12.7f 5.0
73 - 81 1.3+0.7 0.0 0.0 7.2* 5.0
82 - 91

5.2* 2.1
0.410.3 0.0 1.4*1.1 3.4* 1.8 2.!-li  1.0

92 - 99 0.0 o.3io.3  0.0 1.3i 0.8
100 - 104

3.7i 1.0
0.0 0.0 0.510.5 1.3* 0.9 6.8* 2.1

Alitak Bay

29 - 50 6.4%4.5 2.3+1 .O 3.5*2.7 8.9* 3.1
51 - 82

1.4+ 0.6
1.of(l.4 13.9fo,5 l.ofl.o 5.5+ 2.9 33. O*1O.1

106 - 174 1.0*1.1) rJ.1) 0.6*0.6 o.4i 0.2 11.8* 3.7
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Apc)endix Table 4. Otter trawl catch per unit effort and standard error of Pacific
halibut by depth interval and month in Ugak and Alitak  bays on Kodiak
1s1 and, June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 fj. of3.6 7.5*3.2 8.2?3.8 6.2t 3.1 l.1il.1
73 - 81 9.6*5.2 l.otl. o 3.3?3.3 7.2? 2.9 2.8*2.1
82 - 91 6.2*2.6 4.3?3.2 4.3il.2 10.2+ 6.8 5,9*3.9
92 - 99 9.2t6. O 0.8t0.7 6.li3.5 12.li10.4 2.6*2.1

100 - 104 3.9*0.9 3.0*0.9 3.2tl. O 4.4t 1.6 1.5fo.7

Al itak Bay

29 - 50 13.2f4.3 15.3* 5.6 4.1~1.6 2.7? 1.2 0.2*0.1
51 - 82 7.0!2.7 9.3i3.2 8.2?4.8 7.o~ 2.8 2.3*1.5

106 - 174 (). lfo,l 0.0 0.0 O.lf 0.1 o.5f0.2

Aimendix Table 5. Otter trawl catch per unit effort and standard error of rocksole
by depth interval and month in Ugak and Al itak bays on Kodiak Island,
June through September, 1976 and March, 1977.

Depth, m June July Auqust September March

Uqak Bay

51 - 72 3.7*3.4 13.5t 6.7 4.ot 1.0 2,4*1.3 3.9t3.9
73 - 81 1.7Q.9 0.6t 0.2 10.5+10.5 3.1tl.1 7.4~3.2
82 - 91 2.o~o.5 12,4ilp.7 0.6* 0.1 B.2~4. o 4.5?2.3
92 - 99 4.6t2.3 7.13f 5.5 0.6* 0.5 B.4~7.3 5.4i3. o
100 - 104 0.3f0.2 1.2t 0.3 1.8i 1.2 1.oto.5 2.7il. O

Alitak  Bay

29 - 50 4.6~4.5 7.9* 6.1 1.4t 0.8 o.6~o.3 1. Bil.4
51 - 82 T o.3t 0.1 0.6+ 0.3 0.8t0.5 O.1fo.1

106 - 174 0.0 0.0 T 0.0 0.0

T = <0.05

Ap~endix  Table 6. Otter trawl catch per unit effort and standard error of arrowtooth
flounder by depth interval and month in Ugak and Alitak  bays on Kodiak
Island, June through September, 1976 and March, 1977.

Oepth, m June July P.uqust September March

Ugak Bay

51 - 72 4.3?3.6 z.5+1. o 8.1?4.7 0.9~o,6 T
73 - 81 1.1+1.0 0.110.1 z.7~2.6 1.5fl. o 0.0
82 - 91 O.zfo.l 3.2*0.8 5.2<1.4 1.6to.6 0.0
92 - 99 13.4fo.l 5.6*3.6 4.9*1.9 2.lfO.6 T

100 - 104 O.1to.1 1.4to.9 6.0i2.7 1.810.7 T

Al itak Bay

29 - 50 O.l*IJ.1 f).3to.l 13.3fo. l 0.4f0.2 0.0
51 - 82 0.0 T 0. 110.1 o.2fo. l T

106 - 174 0.0 0.0 0.0 0.0 T

T = <0.05
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A~pendi  x Table 7. Otter trawl catch per unit effort and standard
by depth interval and month in Ugak and Al itak bays on
through September, 1976 and March, 1977.

error of buttersol e
Kodiak Island, June

Depth, m June July August September March

Ugak Bay

51 - 72 3 .5*3 .5 1. B*l.4 7.5~6. o 10.2*9.8 0 .0
73 - 81 4.3t4. o 0.0 13. fjfo.6 2.6*2.6 1.o~o.6

- 91 2.0+1.4 0.3f0.2 0.210.1 CJ.3f0.2 ().1fo.1
::- 9 9 1.1*().5 0.0 0.2*().2 0 . 0 0 . 0

100-  104 o.6~o.o 0.1+0.1 0.0 o.2fo.l ().2*0.2

Al i tak Bay

29 - 50 0.4+0.3 0.6+0.3 O.1io.1 O.1to.1 0.0
0.0 0.0 0.0 0.0 0. I*T

1:! : 1% 0.0 0.0 0.0 0.0 0.0

T = <0.1

ADpendix Table 8 Otter trawl  catch per unit effort and standard error of wal 1 eye
pollock  by depth interval and munth in Llgak and Al itak bays on Kodiak
1s1 and, June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

- 72 IJ.l*(J.1 2.5+ 1.4 ().1*().1 0.2*0.1 2.6+2.0
~: - 81 o.2+ T T 0.0 0.0 3.1*1.2

- 91 0.4* 0.4 0.2+0.1 o.1~ T 5.5*3.9
% - 99 o.7;o.6 0.0 O.1io.1 0.1+0.1 3,4?1.3

100 - 104 0.0 T T o.1~ T 5.8*1.8

Al i tak Bay

29 - 50 4.9*2.8 2.6~ 1.6 1.1~().6 1. IJ*().5 0.34.3
51 - 82 5,3~2.7 30.7+22.0 12.6i3.6 18.1+8.7 5.0+0.8
106- 174 O.lt T ().5* 0.4 o,4~().3 ().4*0.3 0.6~0.3

T = <0.05

Appendix Table 9. Otter-trawl catch per unit effort and standard error of Pacific
cod by depth interval and month in Ugak and Al itak bays on Kodiak Island,
June through September, 1976 and March, 1977.

Oepth, m June July August September March

Ugak Bay

- 72 T 0.3+ 0.3 0.0 o.zfo.z 0.0
~; - 81 0.3+ 0.3 0.0 0.0

6.8+ 3.5
0.0 ().1+ T

82- 91 3.4A 2.4 0.8+0.8 l,4fo.9 0.0
- 99 70. 7*34. 1 1320&~3Jj 0.0

1::- 104
l.otl. o T

1.2* 1.2 3.6* 1.3 0.0 O.1*0.1 T

Al itak Bay

29 - 50 T 4.9* 4.8 13.9*13.9 O.1*0.1 O.1fo.1
51 - 82 O.1* 0.1 o.3i 0.2 0.2*0.2 O.1*().1 13. &13.l
106- 174 0.0 0.0 0.0 0.0 0.2*0.2

T = <0.05
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Apr)endix Table 10 Otter trawl catch per unit effort and standard error of Pacific
tomcod by depth interval and month in Ugak and Alitak  bays on Kodiak
Island, June through September, 1976 and March, 1977.

Depth, m June July August September !larch

Ugak Bay

51 - 72 O.1fo.1 1,4*1.1 0.4t0.2 O.1to.1 0.0
73 - 81 0.0 0.0 o.2to.2 0.0 T
82 - 91 ().2*().1 o.1~o.1 o.1~ T 0.0 O.lt T
92 - 99 o.3to.l 0.0 :.:*0.1 0.0 0.6t0.2
100 - 104 O.1io.1 0.0 0.0 O.li T

Alitak Bay

29 - 50 O.lt T T 0.8t0.7 IJ.1fl).1 0.0
51 - 82 0.0 0.0 0.0 T o.5fo.3

106 - 174 0.0 0.0 0.0 0.0 0.0

T = <0.05

Acmendfx  Table 11 .Otter  trawl catch per unit effort and standa,-d err:r of great
scul pin by depth interval dlld  month in Ugak and Alit~k bays ot] Kodiak

Island, June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak 8ay

51 - 72 8.7*6.4 22.03 ~9.24 15.9* 7.8 6.ot 4.1 10.6t10.5
73 - 81 11.6t6.  o 3.32* 1.2 13.1*9.4 9.6i 6.2
B2 - 91

10.5i 3.6
11.8tl.9 25.1 t6.1 4.3*2.1 11. Bt 4.8 17.li 7.4

92 - 99 14.4i9.9 14.3 i9.6 4.0t2.4 25.2t16.3 17.7*10. O
100 - 104 3.8*2.7 4.7 fl.4 9.4*3.8 10.6t 6.5 25.5? 4.7

Al i tak Bay

29 - 50 12.7t3.3 20.4 t6.2 10.6* 6.6 3.9* (3.9
51 - 82

11.7* 4.6
16.3t4.l 18. B *3.9 13.4+ 5.5 16.3* 2.4 18.3t 5.3

106 - 174 5.2il.2 7.6 ~2.4 3.7~o.6 18. Ot 8.7 11.6* 6.6

Apoendix  Table  lZ Otter t rawl  catch per  uni t  e f for t  and standard error  of  ye l low
Irish Lord  by  depth  in terva l  and  month  in Ugak and Alitak bays on Kodiak

Island, June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 17.6+14.8 5.3? 3.4 13.2* 0.1 o.9to.4 T
73 - 81 20.1* 8.7 11.9 fll.6 o.7~o.3 0.3f0.2 1.8*O.8
82 - 91 25. Of 5.9 14. ot 5.0 203foo6 2.8+oo4 4.7*2.2
92 - 99 80.lf44.3 12.3* 6.2 3.6~1.o 3.5il.2 5.9f3.9
100 - 104 14.2* 4.5 12. oi 1.7 O.g*o. g 3.(J*l. O 6.o+2.6

Al itak Bay

29 - 50 o.6~ o.4 4.6+ 4.3 0.4~0.2 (3.2* (3.1 0.0
51 - 82 o.4i 0.1 0.4* 0,2 1.1)* ().4 1.lff3.3 (3.4*(3.1

106 - 174 O.lt 0.1 0.0 T O.1fr).1 0.0

T - <0.05
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ADpenrlix Table 13. Otter trawl catch per unit effort and standard error of Gymnocanthus
by depth interval and month in Ugak and Al itak bays on Kodiak 1s1 and, June,
through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 13.5+10.4 5.4?2.5 7.4*2.7 13.5* 0.1 11.6t6.8
73 - 81 5.Of 2.4 9.7f8.l 7.3*5.7 1.()+ 0.1 15.4f4.7
82 - 91 6.5* 1.6 4.4*2.7 4.8~1.7 3.7*1. O 11.9t3.8
92 - 99 3.4f 1.4 2.4+0.8 6.1+3.1 4.0~3.8 9.2*3.9
100- 104 5.2* 1.8 20.4+ 3.9 9.4*4.3 4.8~2.  O 11.5+ 3.5

Al itak Bay

29 -’ 50 o.8f o.2 2.6?2.0 13.3~().l T 0.6+0.6
0.0 0.2+0.1 0.2*0.1

1:: : 1?; 0.0 0.0 ::: ::: 0.0

T = @.05

Appendix Table 14. Otter trawl catch per unit effort and standard error of capel in by
depth interval and month in Ugak and Al itak bays on Kodiak Island, June
through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

51 - 72 O.lt T T O.1*0.1 o.2f 0.2 0.6~0.4
73 - 81 0.2*0,1 T 0.2+0.2 0.0 2.0~0.7
82- 91 0.9*0.3 O.lf T 0.5*0.3 5.2* 4.6 5.1?2.7
92 - 99 4.6*3.5 4.7*3.1 16.3i16.3 5.8t2.8

100- 104 1.2+0.6 1.2;0.1 5.0*3.7 IJ.1+  T 12.7il.8

Al itak Bay

29 - 50 o.lf T T T T T
- 82 1.o~o.8 o.1~ T ool~ T

1::- 174 T T 0.5]0.2 1.9: 1.1 2.3~0.7

T  =  <0.05

Apoendix Table 15 Otter ‘trawl catch per unit effort and standard error of Pacific
sandfish by depth interval and month in Ugak and Al itak bays on Kodiak
Island, June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

- 72 0.0 0.0 0.8i0.3 o.3io.l 0.0
% - 81 T o.4*fJ.3 0.1+0.1 0.1+0.1
82- 91 0, 1*T &L3 0.5+0.1 1.0*0.3 T
92 - 99 0, MT O.1*0.1 1.0*0.3 O.1*().1 T

100- 104 0.0 T 0.7+0.4 T O.l~T

Alitak Bay

29- 50 T (J.~~T 1).l~T o.3~o.2 0.0
51 - 82 :.;*O.2 13.6+fJ.4 13.9fo.3

106- 174 O.OT . 0.0 0.0 O.OT

T = <0.05

782
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fippendix Table 16. Otter trawl catch per unit effort and standard error of eelpouts
by depth interval and month in Ugak and Alitak bays on Kodiak Island,
June through September, 1976 and March, 1977.

Depth, m June July August September March

Ugak Bay

- 72 O.1*0.1 T OOzfo.l” T 0.0
~i - 81 T O.lt T 0.4f0.2 0.0 0.0
82 - 91 O.1fo.1 2.0f0,8 0.5~0.2 ().3*().1 T
92 - 99 0.5f0.2 1.2f0.8 (3.633.3 o.4~().3 0.0
100 - 104 (),3*().3 0,4~0.2 Oo6~(),3 ().z~l).z 0.0

Alitak Bay

29 - 50 0.4~0.z ().1*().1 O.1fo.1 T T
51 - 82 lo8~Oo5 1.lio.3 Oo8~0.3 1.4fo.7 O.zfo,l

106 - 174 3,3f13.9 13.4&l,f3 1.7*0.3 2.8~0,9 o.3~o.l

T = <0.05

783
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App. Fig. 3. Distribution and mean catch in kg per 20 minute tow of yellowfin  sole in Alitak Bay during
June, July, August and September, 1976. X indicates station not sampled.
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a
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* no shading indicates absence of organism from /- V. . . .. . . .. . . . . ‘.
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trawl sample.
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App, Fig. IS. Distribution and mean catch in kg per 20 minute tow of flathead sole in Ugak Bay during

M a r c h ,  1 9 7 7 . X  i n d i c a t e s  s t a t i o n  n o t  s a m p l e d .
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July, August and September, 1976. X indicates station not sampled.
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$ ~~~ -=-P,
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trawl sample.
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ApP. Fig. 10. Distribution and mean catch in kg per 20 minute tow of starry f lounder in Ugak Bay during

M a r c h ,  1977. X  i n d i c a t e s  s t a t i o n  n o t  s a m p l e d .



WOflIS iwinrv

LCVb £UN4IU

:W&-, J ,.:. }. . . . .. . . x . ”. .:.:.:.:.:..
Legend v

D
. . . . . . . . .. . . . . . . . .. . . . . . . . . Present -. . . . . . . . . .

1 kg.

n

. . . .
~:, 1,01 kg. - 3.00 kg.

❑*;$ 3.01 kg. - 10.00 kg.:.:.:.:.:.
. . . . .

Ili!iiH 10.01 kg. I- 30.00 kg. &
+

I
I

/y

\ Wivir mwr ~ -
%:

.*.
x

* no shading indicates ab-
sence of organism from trawl

CA*8  mwm
ALIULIIC PENINSULA sample.

\

App. Fig. 11, Distribution and mean catch In kg per 20roinute tQw Qf starry flcwnder in Alitqk Bay during
June, July, August and September, 1976. X indicates station not sampled.



uuuIvj

'a..,

YI4HE HIVO

c

vrinnr bIMMtfWY

\ VIILVK

WO?B b1IM?nrv

4bIflH bEHII4mrv

2wbj
UC6 oi, odguj2w ow 4LgMJ
uo pgqud JuqJcG2 p-

iOOi 1<a - 3000

300i a

301 - i000

J.oJ Kd - 300 t

b626uc - J id

A
u-l

I

App. Fig. 12. Distribution and mean catch in kg per 20 minute tow of starry flounder in Alitak Bay during
March, 1977, X indicates station not sampled.



KODIVK I2VHD

ÔCI((

Li!1tHJI

57”30’30”N.

T
. . . ..,.

A&?:  ; rk

LEGEND

present - 1 k g .

1.01 kg. - 3.00kg.

3.01 kg. - 10.00kgti

10.01 kg. - 30.00 kg. 9“”:,,gu i: ‘,
A point ~

T )’N,:
,);:

;
..’

K no shading indicates  absence Of organism fI’Om
. . .#~’

i’
trawl sample. I /’ * .

57”20’N.

App, FicI. 13. Distribution and mean catch in kg per 20 minute tow of Pacific halibut in Ugak Bay during June,.
July, August and September, 1976.



-67-
— \

m:.:.:.:.:.:.:.:.:. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . . .

0
0

m
I

r-i
a.
&

n. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ..O. . . . . . . . . . . . . . . .
. . . . . . . .

o
0

0

[

r+
o
l-o

n. . . . . . . . . . . . . . . . ... . . .. . . . . . . . . . . .... . . .  ..O.<...O..
.
. . . . . . . . . .../...
. .. . . .. ..O.../O

. . .. . . . . . . ../3..

. . . . . . . . . . . . . . . .

. . .. .. . . . . . . . . . .
. . . . . . . . .

+=-

0
0

0
l---)

I

t--l
0

G *

0-)
c
.-

.r-

.

2
v

G-

a-l s
ALo

e“.

Li
.

Q .
Q .a

797



WO2E bEsltI4enrv

bJ.626U - j Cd

rGdeuq

\
. . . . . .

./

. . . . . . . . . . . .. . . . . . . .. . . . . . . ..::. .
HEP8URM

&&;%W<;*~“qii, ,; *\’

.4:;%.. /“’’”’”” ~,x~ ~ * . . Legend
,.:. ❑

. . . . .. . . .. . . . . .. . . . . . . . ‘$~~~ Present - 1 kg.. . . . .:*

a
:.:.:.:.:.
~ 1,01 kg. - 3.00 kg.

D

. . . .W.%*.*“.”.”.”.. 3.01 kg. - 10.00 kg.%*.%%*“.”.”.%*

❑ 10.01 kg. - 30.00 kg.

x  ‘z-

.F
:.::

. .._—

4
* no shading indicates ab-
sence of organism from traw

CA*1 mwln
ALWLIK  PENINSULA sample.

App. Fig. 15. Distribution and mean catch in kg per 20 minute tow of Pacific halibut in Alitak Bay during

J u n e ,  J u l y ,  A u g u s t  a n d  S e p t e m b e r ,  1 9 7 6 , X  i n d i c a t e s  s t a t i o n  n o t  s a m p l e d ,



rir
b6

r1
2

01
1

61
0

to
9D

11
92

9r
qm

B
2

$4q*nry

t I

-69-
—
“3

A?
IU4J.ss 0

0

g

0
0

0
0
0

m’

.
.22 m

c

I
I I .

0-l.
.22

c

-P

.2.-

‘Y “m
s

i-
L
m
n

)

/

/’ 45.
s-u
Sa)

.-)
M.

;

m .?
aJ-o
ES

u’
Sx
I-d

.
w

.
D,
.7
L

.
Q .

2-

799



war '80°sr

oo

K
O

D
IY

K
I2V

k1D

i.k n
z

. .
1. . . .. . . . .. . . . . . .

\\ r WA

I-1
‘m

I

!+
I

+-=--

I

i--i (-’i

-70-
52°26’48”111.

.
z
3
N

LCIJ
Q



L',LVIL)

WLL

--2&“’,
.-. . . . . . . . . . .. . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . .. . . . .. . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . ...-. . . . .“.,..y..:.y..y.

. . . .
.- “ “ .O:.:.yo. ... /.,

.,

LEGENDA

a. . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . .
Dy..:.:.:. ~.:.:. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .
a~.:.:.:.:.:.:. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . .. . . . . .. . . . . . .. . . . . . . . . .. . . . . . .  “ . .

present - 1.00 kg

1.01 kg - 3.00 kg

3.01 kg - 10.00 kg

10.01 kg - 30.00 kg

. . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . ...”. . . . . . . . . . . . . . . . . . .

. . . . . .

mu.t  mm

4’+

I N ).
!’

* “o shadjn~ indicates  absence  of organism frOm

trawl samjle. ‘..-
‘)

—

Am. Fiu. 18. Distribution and mean catch in kg per 20 minute tow of rock sole in Ugak Bay during March, 1977.
X indicates station not sampled,



uo.ç
w

bjeq'LO
c

O
jG

411

C
V

bI
£11411A

yrunru
bLIIW

IZ
flF

V

D
B

V
K

E
(S

-V
K

H
IO

K
B

V
A

znrrw
vA

I4W
A

X
bO

IIl.t

W
O

eE
bE

Im
unrv

H
E

b8flN
H

bE
H

IH
fltY

gw
bJ6

2G
LJC

G
O

J
oLdgujeuJ

4LO
W

LM
J

uo
2pqJua

gp-

300J
ra

joj
-

oo
a

bL626U
l

-
J

I(T
h

IG
äG

LJq

7’2

%s
00

.
0-
F

802



2gw
bj

6

26U
C

6
O

U
O

2pg
A

/'/_/ _//

vw
Ilø

}4Y
D

-73--——

JxI

J “x’”x,
v’

.
.22

-0.
c
Cul
m

Q-5s
QJ
m
aJ

k

El
. . . . .. . . .. . . .. . . .. . . .. . . .. . . .. . . .... .. . . .

0
0

.
m
.

“ o
.

m

n“.”.%.“.”.%*“.*.*...“.”.* . . . .. . . . .

‘3
A?
C-( J+.J

.’

,.[!+ ‘4

~

Y~x >

?

~ (Y,i
xx x
: ,..)

5 ’ $
3 :

I ,\ ‘ /
= d%; ,/
!! rJ\ *

3x /’p’.
d ~~- ,

z
y

& ,A,4 ./ ‘)
G)+

/ \& x’\x/’ ‘ \x /\ ,“,,x,,,~
x ‘\ x/. ..::. (. . . . . . Y’/\. . . . . . . . “ x \. . . . . . . . . . \. . . . . . . . . .. . . . . . . . .

~ . . . . . . .

‘x../’ ‘ .:!: :/’. . . .
=Xx .::. /. . . . .. . . . ..;:. . . . .. . . . . . .:~k>. . . . . . . . .. . . . . . . . . . .,’ . .

. . . . . . . . . .. . . . . . . . /
. . . . . .

\
.:.

. . . . . . . . .
. . . . . . . . .

x < . . . . . . . . .. . . . . . . . . . . .“i,

)
. . . . . . . . . . \/ x /’x ;:~\ “)j., ~

c’--~ ++;>.&
Py

\

!,,. . .
\) .:.. . . . . / ,xv. . . . . . . . .w ‘;\\x /v” M“),;’*:’ A\x x .“ x,.

“::::~’  ‘. . ,.“.\%,,\ ~ x  ;’.,,”,/’ j
/\\r‘=:’K. ‘y . . . . . J.

803

.
-c
v
L

2

.=J

m

s
.r

a
z
m

u>
d.s-%

nx



* DO 2pqu pJgcpeB 2GIJGG O OLUT8W LLO]JJ

:1-0.0]- - 000 i.

or i - i000 i

IOJ- - oo

bL626Lr4 -. T J

EGE14D

boiu*
dn11

KODIYK I2YI1D

&
-P
I

ul
N0
N
o-l

$=
c.

57”20’N.

ApP. Fig. 21. Distribution and mean catch in kg per 20 minute tow of arrowtooth f lounder in Ugak Bay during

J u n e ,  J u l y ,  Auqust a n d  ~eptember, 1976,



fNzJ

m
ou

n. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .
present - 1.00 kg. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .

* HAM ‘- - .  . . .
. . . . . . . . ., .-

,  .  .  . . . \ . . . . *

. . . . . . . . . . .
. . . . . . . . .

. . . . . . .
.. . . . . . . .

. : .:,: . : .:...:... :

/, ‘ . ,

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . .

. . . .

. .

\
‘. z---2’

auwwm

TN

./ .!’

* no shading indicates absence of organism from
trawl sample.

\
-..

‘,

.4
u-l
I

App. Fiq. 22. Distribution and mean catch in kg per 2!3 m inu te  tow o f  a r rowtoo th  f lounder  in  Ugak  Bay

d u r i n g  M a r c h ,  1 9 7 7 . X  i n d i c a t e s  s t a t i o n  n o t  s a m p l e d .



bO1E
YA

flf(W IVA

03
0
(n

/7’
&_

A-Y?.-.. . . . . . . . . . . x
. . . . . . . . . . .. . . . . . .::. ,4

#?

+z’- 4? * no shading indicates ab-
sence of organism from trawl

Ca?e lnmlrv
ALIULIIL  PENINSULA sample.

L
n
I

App. Fig. 23. Distribution and mean catch in kg per 20 minute tow of arrowt~oth flounder in Alitak Ba,y,during
June, July, August and September, 1976. X indicates station not sampled.



co
o

X“%$$A04K?

Pjj_.7’
.,--J x“

Legend v
❑

✎ ✎✎✎✌✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ Present - 1 kg.. . . . .

* no shading indicates ab-
sence of organism from trawl
. -  — — 1 .~

CAM  mm,lv ALIL4UK PENINSULA Sdmp  le.

App. Fig. 24. Distribution and mean catch in kg per 20 minute tow of arrowtooth flounder in Alitak Bay during
March, 1977. X indicates station not sampled.



.W'OC'OE° 

.
-
'a
-
'

a

bows

KODIAK ISLAND

n. .:.:.:.:.:.:.:.:. . . . . . . . . . . . . . 0 . . .
. . . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .m.

:.:.: .:.:.:.:.:.:
. . . . . . . .

:.:.:.:.:.:.:.:.:

n:.:.:. y..y..,.,. . . . . . . .  ..0.-....
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . .

LEGEND

present - 1 kg.

1.01 kg. - 3.00 kg.

3.01 kg. - 10.00 kg.

10.01 kg. - jO.OO kg.

‘P
IN

% no  shading indicates  absence of OrganiSm  frOm

trawl sample.

5?20’N.

. *
● ..-”,

/

*
,
, L..,
, 1

ADD. Fin. 25. Distribution and mean catch in kg per 20 minute tow of butter sole in Ugak Bay during June,

L
Cu

1

ul
N

No
m-

$=
E.

July, August and September, 1976.



wtmABEaAPQ

n. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . . present - 1.00 kg. . . . . . . . .. . . . . . . . .. . . . . . . . .

D

. . . . . . . . .. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .,.:.:.:.:.:.:. ~. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . 1.01 kg - 3.00 kg~-. . . . . . . . . . . . . . . . . .

.,

-POwl

‘-n

TN

! ‘, ~
‘.‘! .,.

‘s ,
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

. .1 . . . . . . . . . . . . . . , . .

. . . . . . . . . . . . . . . . . .

..........~....

* no shading indicates absence of organism from
trawl sample.

/,” w (.. \
‘. ..,.,

\
‘-. .

‘,

-L
w

I

App. Fig. 26. Distribution and mean catch in kg per 20 minute tow of butter sole in Ugak Bay during
March, 1977. X indicates station not sampled.



bLG26U.c - I I(ä

rGäuq

cm
P
o

,,

r. H E P B u R N  PENINSUM

x

x

-.}:.:.:.:..  . . . . . . . . . . . . . . . . . . .-  .$.

2

* no shading indicates ab-
sence of organism from traw

ALIULIBL  PENINSULA
sample.

I
D
2
[

~pp. Fig. 27. Distribution and mean catch in kg per 20 minute tow of butter sole in Alitak Ba,y during June,
July, August and September, 1976. X indicates station not sampled.



cyn aS4ISA
/f’-”-X

7 * no shading indicates ab-
N sence of organism from trawl

CAM  M94,,7

ALIUUK PENINSULA sample.

&
I

llpp. Fig. 28. I)istribution a n d  m e a n  c a t c h  i n  k g  p e r  20 m i n u t e  t o w  o f  b u t t e r  s o l e  in Alitak Bay d u r i n g
March, 1977. X indicates station not sampled.



bow;
an1(

31 .JU JU 110

‘~’: “’””

KODIAK ISLAND

. . . . . . . . . . . . . . . . . . . .

u

. . . . .:.:.:.:.:.:.:.>.. . . . . . . . . . . . . . . . . . . . . . . . . . .

. . . . . . . .:.:. y,.:.:.:  .: present - 1 kg.. . . . . . . . . . . . . ..-.. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . .
. . . . . . . . . . . . . . . . . . . . . . . . . . . ...>.....
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

n

. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . ..O.. . . . ..O.O.. 00  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

1.01 kg. - 3.00 kg.
. . . . . . . . . . . . . . . . . ‘ ‘ .”.”.”.”.’.”.” .“.

. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .
. . . . . . . . . . . . . . . . . .

}. . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .

. . . . .. . . . .7’
gull “~, .,,

“1

point ~

,{
N i

. . . .

(--’  ‘

:
,..”

* no shading indicates absence of’ organism from
,. #

,,/
,’

!’

57°20’N,

ArItI. FicI. 29. Distribution and mean catch in kq per 20 minl~te tow of walleye pollock in Ugak Bay for June,

A
Iv
1

m
N

o

N
m-

%=

E.

,!. . .

July, August and September, 1976.



P:h ~
‘%

/\ x

5 .:.,.:... . . . .. . . . .. . . . . . . . . .~ . . . . . . . . . . . . . .,’ . . . . . . . . . . . . . . . . . . . . . . .
..:.:.:.:.:  :.:.>  :.:.:.: -.,
. . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . ,.  --!

. . . . . . . . . . .
. . . . . . . . . . . . . .!0-  .% .% <..  ‘-’. . .

(’-’
s

!
II .

.
l-d
3

+=--=’ $.
Xu
saJ

,-. . . . .. . , .,;-i. N E
. . . . . (n L-P

CIJo
Qs

Am z
—

ii== o

4 -
0‘1

)’!4 . . .,
. . k)
. . . . . . ...%”.”.”. ”.”:.:.:.:.:.:.:  . .. . . . . . . . . . . . . . . . . .
/......,.......O.
.. ..o...o.g.g  . .
. . . . . . . . . . . . . . . . .

. . . . . .
. . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . .
. . . . . . . . . . . . . . . . . . .. . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . .. . . . . . . .

CIJ

(A
w .--0

s%
(u(f-. ,., . . . . . .. O. O..

#:.:.:.:.:.:.:.:.
. . . . . . . . . . . . . . ..O.
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .(J).’
. . ..O.O  . . . .. O.O.O. .-
. . . . . . . . . . . . . . . . . n
. . . . . . . . . . . . . . . . . z

. . . . . . .
. . . . . . . . . . . . . . . . .
%---------------- K:.:.:. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .//../....../.. . . . . . . ..::::::.%.

fi

“.......%.
. . . . . . . . . . .
. . . . . . . . . . .. . . . .
:.:.:.:..
. . .~,...”-” “%:.:.:. . . . .. .

m
.Y

m
.x s.oh

-r

-Q &l
x l - -
n
.- .

0
c1C2

C3
o
0
r-)

o
mo

l-+

I
I I I

:!:!:,:9X.[ ) y. . . . . . .
4J
c
&
m
w
L
n.

l--i
o

o.-+ c-)

.
c?
.-
IL

.

813



y.1.1 MLV

WOE bEI4II1flry

x

WOE bEI4II1flry

A

bL66U1 - j cd

rGaGuq

CYbI £4UA

Hx bOIHI

. ...-...” . ..-”

A- ---~A “

M
0-

. .T x Y v “RTffiE.Y ‘“ ‘K%!!

fl 3.01 kg. -10.00 kg.

10.01 kg. - 30.00 kg.
W6szJ. . . . . .

$?y “

~’(”’-””””’”  ‘-----”-; E$iIl 230”0’ ‘g”

A
* no shading indicates ab-
sence of organism from traw

cAP1 lENIIY ALIULIIC PENINSULA
sample.

App. Fig. 31. Distribution and mean catch in kg per 20 minute tow of walleye pollock in Alitak Bay during
June, July, August and September, 1976. X indicates station not sampled.



X x Y / y v x

YrIflflK bEWIlZflfV

N '\/, ://\;2&x ( y y y J

2' BYA
YrilyK

BVA

bHISI ?OV

WOflI bMaQArY

2gwbj 6
ucG o oJ.dguj2w &ow 4.LgM
uo 2pgqiud Juqicgç62 gp-

.Io.OJ <d -

t<d - iOOO I<d

1J

FOJ d - TOO

bG2GUc - J l<d

[GdGIJq

&
V-I

I

App. Fiq. 32. Distribution and mean catch in kg per 20 minute tow of walleye pollock in Alitak Bay durinq
March, 1977. X indicates station not sampled.



KODIVK IervwD

Nb<Llaeç

\7' ::*:
'

.
'lU

N
N

U

III

w
sw

*4*..

-~%v(
57°30’30’’f!.

scaltery

a.“...*.*.* . ...*... . . .. .. .. . . . . .. . .
. .. . . . . .. .. . . . .
. .. .. .. . . . . .. .. . .
. . . . . .. . . . . . . . . ..
. .. . . .. ...O./O.O
,.+./..,./...,O<
,...,.+ .. . . . . . . . . (

.

Q-i’\ I I
. . .

‘) ‘~ . ...-””!!., ..,...-”  ., ‘i ,,,,.,...  ,., . ,, ,., . I

*

- ,. Da
-.-..,-- -:: . .,,.,,,,..,,.,..  .

i“f

,n. . . . . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .
present - 1 kg,. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .

D

y..:.: .~..:.:. . . . . . . . . . . . . . . . . f . . . . . . . . . . . . . . . . . . . .:.:.:.:.:.:,:.:.:
. . . . . . . . . . . ...+.. . . . . . . . . .
. . . . . . . . . . . . . . . . . 1.01 kg. - s.00kg.

. . . . . . . . .. . . . . . . . .
. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .

T

N

i..-,
*

.

3.Olkg. - 10.oO kg.

10.01 kg. -  30.00 kg.

z 30.01 kg.

* no shading indicates absence of organism from
,. i “\

trawl Wunple.
● ...”,

/ $. . .
b , ●

57°20’N.

App. Fiq. 33. Distribution and mean catch in kg per 20 minute tow of Pacific cod in Ugak  Bay  du r ing  June ,

July, August a n d  ~eptember, 197’G.



I

0)

E

K

-87-

8

~z-

< ‘“”” ‘u ~~~~ “ /
..-. .% ,. - - ’

8

,.-
.,

.-,.--- . . . . . . ..-

“0’ ,’ ,.-
,- .,-

,/ ‘ li::~:l---:-l-”- (

I

_._-.-J> /- L

I f ”

\“l ( / a
VI

s’
l-o
u

.r--
-0
c
.F-

1-

Cn
c.-

-.I \\ ‘\ c m““‘W i

Y~n. . . . . . . . . . . . . . .. . . . . . . . . . . . . .. . . . . .. . . . . . . . . .. . . . .. . . . . . . . . . . . . .. . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . %

.
c
v
L

-o
0
u

w
o

E

-oti
cm
I-C-P

.
G:
.r
IL



WORth bEI1II1t1I vTTL\.Z. /\1/X\
I

rGdGUq

AiUI443q Huaq3 

Cfl IM4UA vrunrw bEIlIMflY

(VP
DIVKE

(VP
DIVKE

E“
co

,,&DRAKE
LAD

AMNER HEAD

~

. . . . .. . . . . . .. . . . . . . . .. . . . . . . . . . .. . . . . . . . . . SE. . . . . . . . . .. . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . .. . . . . . . . . . . x “.::. . . . . . . . . . . .
. . . . . . .. . . . . .: :.’

r . . . . . . . . . .
x “ x .:::::::. . . . . . . . .. . . . . . . . . .. . . . . . . . . . .

%W’:;,
., . . . .1

,,

.,. .

,.

A A A

U
. . ..-.. . . .
::::::::::  Present - 1 kg.. . . . . . . . .

D.x$: 1,01 kg. - 3.00 kg.

❑ 10,01 kg. - 30.00 kg.

* no shading indicates ab-
sence of organism from traw-
sample.

APP. Fig. 35. Distribution and mean catch in kg per 20 minute tow of Pacific cod in Alitak Bay during June,
July, August and September, 1976. X indicates station not sampled.



/ X
X

/
/

X X
/

vrnrK bMI4?nrv

7 VA

x > V11LYK

/

VA

WOZ bE112fl1Y

HbBflH 6WIb?flTV

wbj
GuCG o ok,dguj2w tLOW 1M]

. uo 2pgqiud .iIiqJC9.G2 gp-

7rt(N eVA

j.Uj 3'OO

bLG2GU j t(d.

4PP. Fig. 36. Distr
1!?77.

bution and mean catch in kq per 20 minute tow of Pacific cod in Alitak Bay during March,
X indicates station not sampled.

(4
w

1



57”30’30”N.

-.
:m
.co KOlllAK ISLAND
0

u-l
r+

. . . . . . . . . .

. . . . . . . . . . . . . . . .?. . . . . ● . . . . . . . . . . . ‘.-. . . . . . . . . . . . . ..~.. ..+~:  . . . . . . . . . .

n

y..:.:.:.>..:.  :
..:.:. y,.:.:.;  :
. . . . . . . . . . . . . . . . . . . . . . . . . .

:.:.:  .y. .:.~  . . present - 1 kg.. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . :.. . . . . . . . . .

“m

. . . . . . . . . . . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . . . . . . ..%...... . . . .

..”.” .*.”. ”.”.”.. . . . . . . . . . . . . . . ...4... *.”.”. ”.”. .!.  . 2.1. . . . . . . . . . . . . . . . . W. - >.06 kg.. . . . . . . . .,.~,.:.:.: o:.:.. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .

7
““.  -...,:-%  . . ...’

,.,.,’  . . .

. . .

)’
gull ““’i,,.,,

1’

poinf !

N
.:

j

,>,:

,,/
, .“

* no shading indicates absence of organism from ,..
~.,

/’
v, ##-‘.

I‘% ..-,

57°20’N.

App. FicJ.  37. Distribution and mean catch in kg ~er 20 minute tow of Pacific tomcod in Ugak Bay during June,
July, A u g u s t  a n d  S e p t e m b e r ,  1 9 7 6 .



c1
. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . present - 1.00 kg. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .

n

. . . . . . . ,.
:.:.:.:.~..y... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . ...4.

. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . 1.01 kg - 3.00 kg
ti w- ‘- -.. < . . . . . . . . .

. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . -. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

aaL -

T
. . . . . . . . . . . . . . . . . . .

N

indicates absence of organism from
e. -...’,

.

* no shading
trawl samp”

I
‘ - . .

‘,

App. Fig. 38. Distribution and mean catch in kg per 20 minute tow of Pacific tomcod in Ugak Bay during
March, 1977, X indicates station not sampled.



,.i.i nv_,

bLG2GU4 - j
IGdGUq

/-. MfP8URN  fiNINSUIA

x

. . . . . . . . . . . . “””””””’”. . . . . . . . . . ..””””””’” . . . ---- -- .-.-”’,,
. . . . . . . . .“. ””.”.,

X7

* no shading indicates ab-
sence of organism from traw

ALIULIILPENIN5ULA
sample.

App. Fig. 39. Distr
June,

bution and mean catch in kg Per 20 minute tow of Pacific tomcod in Alitak Bay during
July, August and September, 1976. X indicates station not sampled.



YA

GdGIJq

/<X / x

y \ x - J

YwI1 4'VD

//4/”/~ /
‘~–—-J J 1‘&$&y

/\/

(/x’

x :x.
/ ‘

\/
N x >.’
‘\/’

k
OJ
I

A? * no shading indicates ab-
sence of organism from trawl

ALIULllC  PENINSULA s a m p l e .
k A

App. Fig. 40. Distribution and mean catch in kg per 20 minute tow of Pacific tomcod in Alitak Bay during
March, lq77. X indicates station not sampled.



I

\X
7paLpOL -

(
øa81,c'

A

L)

p4'
oL4aae

57”3U’30”N.-- ~ ‘..
.,, ,’. ., , saltery

: . . . . . . . . . . . . . . . . . .“.”.”.”.”.”:
. . . . . . . . . . . . . . . . . . :.:o:o:. ~.:.:.:. ‘, .. :.,,

‘J~mti... KODIAK ISLAND

LJ
. . . . . . . .. . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . .
D
. . . . ..+. OO... , . ,

. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . .
. . . . . . . .

. . . . . ...”.’.”.”.’
y..:.:.>,:::::::
~..y..,..,  .,

. . . . . . . . . . . . . . .

a“.”.”.”.”.”.”.%*:.:.:.:.:.:.:.:.:. . . . . . . .
V.*.*.%*.*.*.*. . . . . . . . .. . . . . . .. .. . . .. . .
. . . . . . . . .. . . .. . .
. . . . . . . .

:.:.:.:...*.*.*.*

LEGEND

present - 1 kg.

1.01 kg. - 3.00 kg.

3.01 kg. - 10.00 kg.

10.01 kg. - 30.00 kg.

~ 30.01 kg.

H(
.:.o.t.# ● .*. . . . . . . . . . . . . . ...””:.:.:.:,:.$,:.:.: 1 n

-..

9’”:
. . .

gul “i,’.,

+
point ~

IN h’”
;;.

I

... .
p..

:

:
..”.

,.,

,,.

/

J
.. -.,

~“~,,,ol~ng ‘“ ,:.’, .,:
.‘. .-. ” . .

island

&
:. :’ ..., . . . . . .
. ,. ..,,,

P’- “’. “.--,

K7°9nf ml

App. Fig. 41. Distribution and mean catch in kq per z~ minute tow of great sculPin in Uqak BaY during June9
Ju1.Y, Auqust and September, ~~T~.



uwcc

:I!;lII.IL.

.
.

.
.
.
w
.

.
:
u
.

~

a. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . .
n

. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . ..+...  O. O... . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . .

m

.. .. ... ... .. .... .
● .e.o.c...*...*... . . . . . .. . .. . . . ..O. .. .. .. . .. .. .. ....+:.:.*.:.:.:.:.:.:.x.:.:. . . .. . .. . . . . .. . ... . . . . . . .

LEGEND

Y(F

L

:. . :... ........... ...,, . . . . . . . .sw.”.”.%”.”.”.. . :.:.:.:.y,.~d.*.*.*.*.%”.”.>.%%*.*.*.”.”%.. . . . . . . . .~. ,,
p r e s e n t  -  1 . 0 0  k g

. . .
-.:

.,..,

. .

1.01  kg-  3 .00kg

3.01 kg - 10.00 kg

10.01 kg - 30.00 kg

~ 30.01 kg

* no shading indicates absence of org

,.; \

.-.
t r a w l  s a m p l e .

‘---
‘,

App. Fig. 4?. Distribution and mean catch in kg per 20 minute tow of great sculpin in Ugak Bay during

M a r c h ,  1 9 7 7 . X  i n d i c a t e s  s t a t i o n  n o t  s a m p l e d .

A
WI

I



0A3H 3HHA 

VI HIbflH bEIlIH2flIV

/
{ 7 MOSER PENINSULAa—. . ~—

l!?!!.-rcam Imt41n

...-.., v~, ..” Legend

&F
&’ x
* t :z;&

““ .*
❑~~~ 1,01 kg. - 3.00 kg.

;~ .~@ E“ 3,01 kg. - lo.oo~g.

10.01 kg. - 30.00 kg.

w ‘--N-’vZ’”’-r””r”-’ ‘-------- kxd 230’0’ ‘g’
x * no shading indicates ab-

sence of organism from traw
ALIULIK  PENINSULA sample.

App. Fig. 43. Distribution and mean catch in kg per 20 minute tow of great sculpin in Aljtak Bay during
June, July, August and September, 1976. X indicates station n@ sampled,



A
U

M
I3

M
U

8H
K

.
)A

T
U

A
'<

/2
Z

.
A

2
M

J1
1J

I
4°

:
,::

:::
:.

L.
/

)a
A

T
aO

q

/
X/T

/\ '/ 4

'fl&)
r

/ \ N

\

/

-97-

~

.(44 m
.::. Z, . . . . .

~:w. \ ~ -. .
7&lH“\g’

GJe
‘xJ~.:.. . . . .. . . . . . . . m

. . . . . . . . . .. . . . . . . . . . . . a).. . . . . . . . . .. . . . . . . . .. . . . . .. . . . ) &
\M””

m
A

o
0 .
r-)

t

o
c)

c1

I

0.
m

o
0

0
c-l

I

0
0

u-l

o

z
Al

A
m

“3
l-cl
3

E
u-l

Q-

‘Y

\, :

‘J;,

s
-r

w

L-P
!%2

-c”
Sx
a

e“
d-

L

.
SL

2

827



jA
a

V
f1dn21

giq
26b.c6w

P
eL

çiou
uq

teu
c.çcjJ

4LJ
ä

.
j

'
.
,
.
.

c
o
*
e

.

-98-
52°26’48” W.

)
..-.

- 0
s.o

E.
LE
am
Ql-

o
‘m

●

2?
.-

1

d
0

0“mi-l
0

r+

.

4mzb-
828



:::::::::::::::::

uo
2pqJ.uä4uqJ.c.c6

25LJC
6

O
.

O
Läguj2w

O
W

1001
K

ä
-

3000

301
d

-
000

d

'-
I

IoJ(a-3O
O

<
ä

b6uç
-

J00
<

d

-99-

829

m
s

s

Q -
0

.
w
=1-

.
u:



,4vrILvK

EVO BVA

-
YKHO4(

WO?E bEIIIIIWIV

HbBflH bEHlHflrV J.oj 'a. - 300 rd

bL66U1 - j ,d.

ruq

cvbl IIISIIIA

Iii
?& -X-7–: ~~ ““~”’ ““”’” “%!- 10,01 kg. - 30.00 kg.

$F/ 4 * no shading indicates ab-
sence of organism from traw’

C&?@  TRININ
ALIULIKPENINSULA sample.

App. Fig. 47. Distribution and mean catch in kg per 20 minute tow of yellow lrish Lord in Alitak Bay during
June, July, Auqust and September, 1976. X indicates station not sampled.



0
DVKf

A

L-J / \ / \/” - ’ c

.&A 2QA-’-’-

/’
~x’.  7-J”

/

x?
<Au rmrnnv ALltJLfK  PENINSULA

Legend

❑
✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎
:;::: Present - 1 kg.. . . . .. . . . .. . . . .

%?

a. . . . . . . . .. . . . . . . . .. . . . . . . . . 1.01 kg. - 3,00 kg.. . . . .. . . . .

* no shading indicates ab-
sence of organism from traw”
sample.

I
w
o
I

~pp. Fig. 48. Distribution and mean catch in kg per 20 minute tow of yellow Irish Lord in Alitak Bay during
March, 1977. X indicates station not sampled.



0

I

)

-1o2-
S?” 76’ 4#’ w.----- . . . .

. . . . . . . .
i

..%”. %..*.%.

. . . . . . . . . . . . .. . . . . . . . ..-7

..’
..- ) 4$-

. $!E’ o
. . . . i’ : : St. . . . . . . . . . . . . . . . . . . .. . . . . -....,.  ! i+ I

I
I I

.

$ G is. .
!

5’ 8 Z3.. .
.. .-:. -.-” [&;ti’
l.!  ,,OL  ,02 oGa  L

8 3 2



I

ew
T

bO
S

-1o3-

!i
II 2/.

@-

0
0
m

I

m

.-+
0
.--4

c1
~..y..:.~.~. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . ..O.
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .

:.y..:.  y..:.:.:

0
0

0

I

m

D
.:.:.:.::::>$:::.

/..O.,  ● . ● . .
.. .. .. .. .. . . . . . .
..o.,.+~.:.:.
$$:::.:.yo.:.:
● .**...*.”..9 . . ...%%  . .. . . . . . . .

4 -
0

aJ
u
c
aJ

2
m

0 u
0 c

c)
(--)

I

r-l
0

G

.

s
-r

L

:.

833



WOE bnuIl2nry

$-/’)6”’ “L*.,. .,
‘/=+’ \ “’ J) ---- ..;

2Q3SK, /K’/x  / K .  x ) ’  v PORlhiEmv ‘“ ,, ““
.,.vJ

x?

- P ’ - ’

u-=-”

ALIULIK  PENINSULA

~“”’-’-””’ ‘-”---
X7

Legend

❑
✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ Present -:.:.:.:::: 1 kg.

v

Ill~~. 3,01 kg. - 10.00 kg... .. . .. ..

* no shading indicates ab-
sence of organism from traw.
sample.

ApP. Fig. 51. Distr
July,

bution and mean catch in kg per 20 minute tow of Gymnoeanthus in Alitak Bay during June,
Auqust and Se~tember, 1976. X indicates station not sampled.



29
i6

3b
n

pn
b6

ri2
01

1

m
o

ffl
2i

nb
pi

o
to

93
11

92
9

[q
n1

62

IA

3A
R

U
Q

A
]

)I
A

T
IJ

A

T
H

IO
H

C
V

hI
£IP

I1A

-1o5-

m
a l G.27

Lu3
. . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . . .. . . . . . :.:::::.

. . . .
: ~,
: ,,

;: ,,
! ,. ...

: ,.
, .,,

-P
.r

z

-8-
nm
SQJ

L-W
ac
Qs

us
Xo

N
m

c

s“

83.5



I..

c...

boiu4
an11

>~~~ ~

+77??”: -. .,,

j>
%.

i . . . . . . . . . ...0..... . . . . . . . . . . .,$. . . . . . . . . . . . . . . . . .,..,..,,  ,~f~ .~ . . . . . . . . . . . .. . . . . . . .
. . . . . . . . . . . . . . . . . . .

! . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . :... ,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . .

. . . . ...’. . . . . . . . . . . . . . .
..:.:.:.:.:.:.:.:.
. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . ..1,, -.,,. . . . . . . . . ,s.”

-.,,  ,, . . . .

/’ L E G E N D X?.,.. E

n. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . present ~ 1 k g .. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

D. . ...%% . . . . . . . .. . . . . . . . . . . ● . ,. . . . . . . . . . .. . . . . .. . ● . . . . . % ” .:.:.:.  . . . . . . . . . . 1.01 kg. - 3.00kg.. . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . ...t . .. . .. . . . . . . .. . .

m

*.:.:.:.:.:.:.... .... .... . . ..... .... ..... . .... ...... . .... .... . ...... .... ..... . ... 3.01 kg. - 10.00 kg./. ......... . ..... . . . . . . .%%%%:.:.:.:!

10.01 kg. - jO.OO kg.

‘).. ..:;’ .. ’”’... . . . . . . . . . . . . ,.,  ,,
. . . . . . . . \,

. . K O D I A K  I S L A N D
. . . . . . . . .
. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .

. . . . . .. . . . .. .. .. . .

. . . . . . . . . . . . . . . . . . .

* no shading indicates absence of organism fI’Om

TN )
gull “i:,

point ~

.1
j

. . . ./e..
8
:

..”.
;’”

. ... i -$*
trawl sample. /’

● . . . .. ‘I, *-.*
, ●

,..
57”20’N.

ApP. Fig. 53. Distribution and mean catch in kg per 20 minute tow of capelin in Ugak Bay during June, July,
August and September, 1976.



-1o7-
— x

.

s
$r-

0.
2.

S-8
0

%
0i ‘.

. . . . . . . . . . . .. . . . . . . . .

. . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . . .
. . . . .. . . . . . . . . . . .

-o-b
S(T5
m.lJ.-

0 -0
0 s0

0
.

0
(3

.-+

0
0

m

G
m

.t- aJ
0

I
I t

4-J 07

V-4
C3

m .
=a-
I n

❑
✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎ ❑

:.:.x+y..:.:
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . . . . .
. . . . . . . . . . . . . ...0
. . . . . . . . . . . . . . . . .

. . . ❑
✎✎ ✎ ✎✎✎ ✎ ✎ ✎✎ ✎ ✎ ✎ ✎ ✎ ✎✎✎✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎ ✎✎ ✎ ✎✎✎ ✎ ✎ ✎ ✎✎ ✎ ✎✎✎ ✎ ✎✎ ✎ ✎✎✎✎ ✎ ✎✎✎ ✎ ✎✎✎ ✎ ✎ ✎ ✎ ✎✎
. . 4 . . . / 0 . . ...0..
. . . . .. ..*.O. ....*
.. . . .... .... ... . .
.... .... ....O./.
. . . . . . . .

.

837



EVD - BVA

DBYKE VKHIK

cvt 111411*

H 6OINI

\ ‘“”2 ,,
:., . ~SSR PENINSULA. .’, . ,)>,..  ., - . . .. . \~ A

&wF+~’&- 2Gixx
,’

</

\/’d?::::..  ‘- ‘“. . . . ...”
. . . . . . . . . . . . . ,.
..:.:.:..

. . . . .

K LiTAK HEPBURN I%NINSUM
H.. . . .. . . . .. . . . .. . . . . .. . . . . .. . . . .. . . .. . .

. . . . . . . . ,’ .. -. . ..- ----- ...

*

. . . . .

.y
CAM  nwllv

A?
ALIULllL  PENINSULA

U
. . . . .. . . . .. . . . .
~:::: Present - 1 kg.. . . . .. . . . .. . . . .

❑~~. 1,01 kg. - 3.00 kg.
❑~~; 3,01 kg. - 10.00 kg..

●

* no shading indicates ab-
sence of organism from traw-
sample.

App. Fig. 55. Distribution and mean catch in kg per 20 minute tow of capelin in Alitak Bay during June,
Jul<y, August and September, 1976. X indicates station not sampled.



IROM 

bnsDeJ 

HEbRflIl bEIM?flFV

bOI4I

Cv 1111A

m&.li&f$. [;%x~. . ...**..”” ::::::::::”

ANNEE WAD

/##

.:>a .:i’i . . . . .. . . . . . . . x. . . . . . . . . . . . . . . . . . . .
..”” ”””””””” “::::::::::. . . . . . . . . .. . . . . . . . .:::.. .-. . . . . Legend

.:. \ ?.::.
<S;x “:” x ❑

. . . . .. . . . .. . . . . . . . . . .\

. . . . .. . . . . Present -. . . . . . . . . . . . . 1 kg.. :::::::::!  . ::::::::. . . . . .. . . . .
x . . . . . . . . . . . . ::::::::. x ‘) . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . .. . . . . . . . . . . .k:::.
/

‘.”.::::::”. . .
Y

~$:g

x / x .:;:. // .x/x ~
ALITAK ;“ MPEUC!N  PEt41NW1A

u

& 1.01 kg. - 3.00 kg.
. . . . . . .

x . . . . . . . . .
/’‘ “::;~y~x~~>~~~ ~’v ~3.Olk@0.00kg.

( X,A(X><X)X ,’ x
. . . . . . . . . . .. . . . . . . . . . .

42
“.< x ;>:, x y “’’” ‘

.,x </%w<A.’. .

Y
~x)
v A

* no shading indicates ab-
sence of organism from trawl

C**1  mmnv
\ AI.IULIK  PENINSULA s a m p l e .

App. Fig. 56. Distribution and mean catch in kg per 20 minute tow of capelin in Alitak Bay during March, 1977.
X indicates station not samDled.



w'r '°r

(T
h9

ffl
bn

6
no

tu
df

19
d1

fl9
iq

92
hn

6
j

.,

-11o- 52°26’48” W.

L ““”””---” -1 B8$%::2=. . . . . . . . . . . . . . . . . . . .“. ”.”. ”.”.” .”.”,
~>

..-.

# ..’” , . . . . . . . . . . . . . . . . . ..P”...”’”H”.!.--7

. . . . . . . . . . . .
. . . . . . . . .. .. . . . . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . .

. . . . . . . . . .. . . . . . . . .. . . . . . . . . .. . . . . . . . .. . . . . . ...?. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . .. . . . . . . . .. . . . . . ...!
. . . . . .

. . . . .

co

1
\

*
aJ
c
:

.&?

.
0-

*I-’
L



0+- LLULIIIJ

U

: .:.:.:.:.:.:.:.:
. . . . . . . . . . . . . . . . .
. . . . . . . .. . . . . . . ...4...+  . . .

. . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . .

. . . . . . . . .. . . . . . . . .. . . . . . . . . . . . . . . . . . present - 1.00 kg. . . . . . . . .

. . . . . \

. . . . ...\.. - . ..-

,:. -..,.

* no shading indicates absence of org
trawl sample. ( :’

\, .“ ‘. -...,
.,,

‘---
.

App. Fig. 58. Distribution and mean catch in kg per 20 minute tow of eulachon in Ugak Bay during March, 1977.
X indicates station not sampled.



2uJbJ
6

6IJC
G

O
4

oLagujw
.j,L

O
w

U
O

2pgqjud
pJqJce2

w
oi

ei
un

m
O

S

6i
2

2e
r6

oH
D

n

6b.G
uJpG

J
w

eu
c.cc}J

.!IJ
iä

no
itu

df
,i2

N
1

i2
up

uA
e\

rU

)2
A

T
IJ

A
Y

A

Y
A

U

A
JU

Z
H

IH
3

H
U

9H

A
Ju

aI
lu

Il3
q

ua
oM

H
X

O
IH

J

H
V

D

D
B

Y
K

I

.
.s2

n

O
. . . . . . .. . . .. . . .. . . .. . . .. . . .. . . . . . . . .. . . . .

.- . . .

: ,,,
! ,. ...

: ,,
-,

:E
-SKI
Vul.
m
l-+
s o
(us

%s
0 0

*F
L
a)%
SL

-o-ucc
rcftu



woas niwV1rv

A

KIflM bEIrnl?flr

x

2rWIW WVA

Cibi 1$U4UA

-“’./’oc;\\
.. ::. .::.. . . . . . . . . . . . . .

(~
. . . . . . . . . . . . . . . . . .

x x
. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . x

. . . . . . . . . . . . . 6C:~’x;$~?s.,byx)x

\

. . . . \ /’
x ‘;>.<’ x y -“ x

‘-

x ‘Y” /7-”” . . . . . -,
\ Iubvx  mrnr ~GJL’—= “- “  ‘“”

y

x’

4?
CAPI mrnm-

ALIUUK ● EMINSULA

Legend v

u
. . . . . . . . . .. . . . .. . . . .. . . . .. . . . . Present -. . . . . 1 kg.. . . . .

* no shading indicates ab -
sence of organism from trawl

s a m p l e .

App. Fig. 60. Distribution and mean catch in kg per 20 minute tow of eulachon in Alitak Bay during March,
1977. X indicates station not sampled.



n
‘u

-114-
52°26’48” W.

r . . . ..,. 1. I5 : : : : : : : : :  :::IX=”;  ;.;.yj~. . . . . . . . . .
,-. - . . . . . . . . . . . . .. . . . . . . . ...”.”.”.”.. . . .. O...” %.... ”.”. . . . . . . . . . . . . . . . . . . . . . . . . . . J . . . . . . . . . :<G+: . . . .

l-l
“1

n:.>:. y..:. . . . .. . . . . . . . . . . .. . .. . . . . . . . . . . .. . . . . . . . . .  . . . = ”
. . . . . . . . . . . . . . .~:.}:. }.... .
. . . ...>. ..}:.}
. . . . . . . . . . . .

.
z
-i&

I 0
r%
m

w
.

u’,
or
L

.
SL

2’



V bOL

molA4tuslAhm

, . . . ..$.’f. .::~.:.:.:.,  . . . .. . . . . . . . . . . . . ...’.” “.”.”.’.-H f....... . . . . ...9.. . . . . . . . . .

n. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . . present - 1.00 kg. . . . . . . . .. . . . . . . . .

TN ?

aiu?owl

(“?,-.
,’

* no shading indicates absence of organism from
trawl sample.

.oLf)neuum
. . . .

w., ,. ,

. . . . . .

“\
. -----

‘.-.
.

App. Fig. 62. !’distribution and mean catch in kg per 20 minute tow of Pacific sandfish in Uqak Bay during
March, 1977. X indicates station not sampled.



YIlI1U HEVO

EVD

DVKE VKHOI(
BVA

IOUIYCE
PVA

21111W IVA

CVII £I4IU vrinrw bEIiIMZnry

WO2E brIluIlzflrv

I4EbBflEH bEHiHflrv

--

2IJJbJ6
GUC6 o4, okaguj2w .j,.OW .ç1..MJ
uo 2pgqiud pJqJcg.ç62 gp-

FOi Kd - 300

bL626LJ.f - j I<d.

rGäGuq

02
-s
m

App. Fig. 63. Distribution and mean catch in kg per 20 minute tow of Pacific sandfish in Alitak Bay during
June, July, August and September, 1976. X indicates station not sampled.



bLG2Guc - .1 tcd

i-p
- J2

HII.IflUl bEIH?f)1V

CVII L$UIUA

/\
A,x x

‘.A /\ x/” v Pcwkx mv “.’2!KSZ:’?*A’= ~:? \&i,,
<)’ ~

. . . . . . . . .\ ..\ ,, . . . . . . .. . . . .. . . \/
x “>” x ‘y’ *’v” ~.... .,/ \ -. .x >~ /7 . . . .

p’.. __—AJ——— “-’” ‘-”

ALllMJK  PENtNSLMA
x? * no shading indicates ab-

sence of organism from traw
sample.

App. Fig. 64. Distribution and mean catch in kg per 20 minute tow of Pacific sandfish in Alitak Bay during
March, 1977. X indicates station not sampled.



?UfINl$OI ,.. - -

t:':

t
--

. . .+-=:’ ‘“. .!..,...,

IslANLi

~:

m. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . present - 1.00 kg. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . .

-, . . . . . . . . . . .

.:.:*:.:.:.:.:.:. : . . . . . . . . . . . . . . . . . . .

* no shading indicates absence of organism from
trawl sample.

(

,,’ \
! \*.-.-,,.. , ~- -..t ,

App. Fig. 65. Distribution and mean catch in kg per 20 minute tow of snailfish in Ugak Bay during June,
July, August and September, 1976.



mmAR  EsBAND

m. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . . present - 1.00 kg. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .. . . . . . . . .

n

. . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . . .:.:.:.:.:.:.:.:.:
1.01 kg- 3.00kg. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .. ‘...””

n

:.:.:.:.:.:.:.:.:. . . . . . . .~.:.:.:.:.:.:.:. . . . . . . .:.:.:.:.:.:.:.:.: 3.01 kg - 1O.O() kg,...O./O.//..O. . . . . . . . . . . . . . . . .. . . . . . . . . . . . . . . . .

. . . . . . . . . . . . . . . . . . . . . . . . . . .

TN

* no shading indicates absence of organism from
trawl sample.

● .-*-,

App. Fig. ~fi. Distribution and mean catch in kq per 20 minute tow of snailfish in Ugak Bay during
March, 1’377. X indicates station not sampled.



won bEiiiiienrv

s’?
o

c-5L-——. . . ”  ,“-,,  ,

i
ALIUUK  PENl>N~lA

•1RX present - 1 kg.. . . . . . .. . . . . . .

D
:W 1.01 kg. - 3.00 kg.. . . . . . . . . .
● .*.......

n

. . . . . . .
~~e 3.01 kg. - 10.00 kg

* no shading indicates ab-
sence of organism from traw”

APp. Fig. 67. Distribution and mean catch in kg per 20 minute tow of snailfish in Alitak Bay during June,
July, August and September, 1976. X indicates station not sampled.



H VU

5

DVVKE

N -
2

V

YrinriK bE$I$2flIY

/ x

K X,c X ' /X i
X
/ :X\ /<x x x /

bO6IYCE
BYA

gMJ

gp-

gwbj
2GLJCG 04, OLàuJ2w 4L0W

uo pgqiud iuqicg.cG2

App. Fig. 68. Distribution and mean catch in ku per 20 minute tow of snail fish in Alitak Bay during
March, 1977. X indicates station not sampled.



APPENDIX I

Simenstad, Charles A. (1977). “ADF&G-OCS  Fish Food Habits Analysis,”
Annual Reports of Principal Investigators for the year
ending March 1979, NOAA/OCSEAP,  4:411-438.

APPENDIX II

McLean, Robert F., Kevin J. Delaney and Beverly A. Cross. (1976)
“A Fish and Wildlife Resource Inventory of the Cook
Inlet - Kodiak Areas,” Alaska Department of Fish and
Game. 155 pp.

4 U. S. GOVERNMENT PRINTING OFFICE 1980 - 677-096/1230 Reg. 8

852


